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General 
As a result of Congressional and public concern, together with 
his desire to thoroughly assess the facts as they may be, the Chief 
of Staff Army chartered a M16 Rifle Review Panel within the Office 
of the Assistant Vice Chief of Staff. This report is in response 
to that charter. 
Оп 3 May 1967, Chairman L. Mendel Rivers, Committee on Armed 
Services, House of Representatives, appointed a Special Subcommittee 
to inquire into the M16l/ rifle program. Congressman Richard H. 
- Ichord was apponted Chairman of the Subcommittee; the other members 
were Congressmen Speedy 0, Long and William G. Bray. The printed 
hearings were released in October 1967. Later, on 19 October 1967, 


the Subcommittee issued a 51-раре report. 
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The Report of the М16 Rifle Review Panel is entitled, History 


of the M16 Weapon System. Following the Background, which sets the 
Stage for the current controversy, this report documents the early 
Army, Air Force, and Department of Defense history and the history 
since the Army was assigned Project Management responsibility in 


1963. Included in the body of the report are 
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x In the report which follows, the M16 rifle is referred to 
as an AR15, M16, М16А1, and ХМ16Е1, For a definition of terms see 
the Glossary, Inclosure 2. The М16А1 as currently produced is 
described at Inclosure 5. 
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the conclusions and recommendations of the Panel, The Report is 


supported by eleven technical appendices which include: Ап Analysis 
of Test Policies and Procedures, Ап Audit Trail and Analysis of M16 
Tests, Review and Analysis of М16 Rifle Training, Ammunition Devel- 
opment Program, Procurement Production and Distribution of the AR15/ 
M16, Review and Analysis of AR15/M16 Reliability, М16 Surveys in the 
Republic of Vietnam, Review and Analysis of Management Practices, Audit 
Trail of Chief of Staff Army Decisions, The Army Small Arms Program, 
and M16 Product Improvement Modifications. 
Purpose 

i On 8 November 1967 the Chief of Staff, Army directed an inten- 


sive review of Army management practices related to the evaluation 
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and adoption of product improvement modifications to the М16А1 rifle/ 


ITI 


ammunition system. This review was chartered Бу Chief of Staff 


Memorandum (CSM) 67-436 (Inclosure 1) to determine whether there are 


general deficiencies in the Army's management of the small arms pro- 
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gram. Specific attention was directed to training, policies, organ- 


izations, assignment of responsibility, direction and control exercised 
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t 


and tle administrative and technical procedures related to the develop- 


ment, testing, evaluation, procurement, production and product improve- 


ment of small arms. 
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The principal subject areas of inquiry were: 

- Тһе product improvement modifications to the М16А1 weapon/ 
ammunition system and the justification therefore. 

- The effects of fouling on the functioning of the М16А1 
weapon/ammunition system. 

- The development of propellants for use in 5.56mm cartridges, 
with emphasis on the effects of these propellants on the 
functioning of the М16А1 rifle. 

- The adequacy of test procedures to detect the occurrence 
and the persistence of problem areas and to isolate the 
causative factors for immediate correction. 

- The adequacy of regulations and policy on directive state- 
ments as these generate requirements for testing and for 
the distribution and use of test results. Particular 
attention was to be paid to their adequacy in light of the 
responsibility for adequate testing assigned in the recently 
revised materiel R&D regulation (AR 705-5). 

- The scope and adequacy of the Army training program for the 
M16A1 rifle/ammunition system, with particular emphasis on 


individual maintenance training and armorer training. 
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- The adequacy of the organizational structure for the 
development, testing, and production of small arms to 
include a review of the changes made as a result of CSM's 

| 66-485 апа 67-96. 

- Тһе procurement history of the AR15/XM16E1/M16Al weapon 

system. 

This report includes an audit trail of М16А1 decisions and tests, 
a comprehensive history of the М16А1 and a fact paper CInelosure ф 
in response to the Ichord Committee findings and recommendations. 
Procedures Followed 

The M16 Rifle Review Panel convened in the Weapon Systems Analysis 
Directorate, Office, Chief of Staff Army on 9 November 1967. Repre- 
sentation on the panel is shown at Inclosure 3. A detailed work plan 
was developed and published on 17 November 1967. Each phase of the 
review panel effort is discussed in the paragraphs which follow. 

During the preliminary planning phase, formal points of contact 
were established in Headque:zers, U.S. Air Force, Headquarters, U.S. 
Marine Corps, and the following major Army commands: Army Materiel 
Command, Combat Developnents Command, Continental Army Command, U.S. 


Army Pacific, and U.S. Army Vietnam. Each of these commands then 
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designated contacts at subordinaté ‘commands, agencics and laboratories 


and authorized direct communications with the Review Panel. Travel 


plans were then formalized in preparation for the data collection 


phase. 


The records and files of each of the Army staff sections were 


reviewed along with those of each of the Army commands identified 


in the preceding paragraph to obtain copies of all documents pertaining 


to the M16 weapon system. Additionally, records at each subordinate 


command, agency and laboratory which should have generated or received 


documentation pertaining to small arms were reviewed. Records reviewed 


included those at the U.S. Army Weapons Command; U.S. Army Munitions 
Command; Frankford Arsenal; Picatinny Arsenal; Ballistic Research 


Laboratories; Rock Island Arsenal; U.S. Army Test and Evaluation 
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Command; Combat Arms Group, Command and General Staff College; Infantry 


Combat Developments Agency; U.S. Army Infantry Board; U.S. Army Infantry 


School; Combat Developments Experimentation Center, Fort Ord Training 


Center; Fort Gordon Training Center; Development and Proof Services; 


Project Manager-Rifles; Advanced Research Project Agency; and Weapons 
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Systems Evaluation Group (WSEG). In addition to the above listed 


military facilities, the following contractor facilities were visited 
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and files reviewed: Colt's Firearms Division, Remington Arms, Twin 
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Cities Army Ammunition Plant, Remote Area Conflict Information 
Center of Battelle Memorial Institute, and the Institute for Defense 
Analyses. 

During the course of this review a research file was compiled 
which contains over 3,500 pertinent documents. These documents were 
reviewed and records prepareu for computer processing of the selected 
information. 

Оп 20 January the Revicw Panel departed Continental United 
States for Hawaii to review the files and records at Headquarters, 
U.S. Army Pacific and Commender-In-Chief Pacific. Upon completion 
of this review, the panel соптїпиед to Vietnam and conducted a field 
survey to determine the current status of M16 reliability, training, 
supply, maintenance and overall effectiveness. The results of this 
survey were made available to Commanding General, U.S. Army Vietnam; 
Military Assistance Command Vietnam - J4; Commanding General, U.S. 
Army Pacific; the Department of Army Staff; Commanding General, U.S. 
Army Command; Under-Secre-ary of the Army; and Director of Defense 
Research and Engineering. In addition to being contained in Appendix 
7 of this report, the resilts of this survey were published separately 


and distributed to interested commands and agencies. 
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On 10 February 1968, the review panel returned from Vietnam 
and began a detailed evaluation of the data collected and preparation 
of a final report. During this period additional data were also 
collected to fill identified gaps. 

Each section of the final report has been subjected to a review 
by a team within the Office of the Assistant Vice Chief of Staff and 
informally reviewed by interested Army Staff agencies. Comments con- 
curred in by the review panel have been incorporated in the report. 

Considerable care has been taken by the Review Panel to assure 
that all data contained in the report are fectual. The final report, 
in its entirety, has been reviewed within the Office of the Assistant 
Vice Chief of Staff and has been informally reviewed by the concerned 
Department of the ny Staff agencies. The recommendations have 
been formally coordinated and aie concurred in by the Army Staff 


agencies responsible for actions to carry them out, 
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b. Background 


The basic weapon that the U.S. Army adopts as standard for its 
infantrymen has always been an object of interest to the American 
public. Of the eight "rifles" the U.S. Army has adopted as standard 
since the Revolutionary War, at least three have been the subject 
of great controversy: the Krag-Jorgensen, the Ml Garand and the 
Colt's М16А1, А review of the history of American rifles will show 
that the U.S. Army before World War II did not take advantage of the 
latest improvements in weaponry before adopting a new rifle. The 
first standard infantry weapon of the U.S. Army, the flintlock 
musket, adopted in 1795, almost duplicated the Charleville musket 
brought from France by Lafayette 20 years before, yet American gun- 
smiths were in many respects ahead of their European counterparts 
in weapon design. The French Charleville smoothbore musket, Model 
1762, caliber .69, was the first production of Springfield Armory, 
and continued to be manufactured with little modification until 
1842, The next weapon adopted was the 1841 caplock rifle, often 
erroneously called the "1832," This was the first U.S. Army standard 


rifle adopted, although the British had armed a brigade of their 


95th Regiment with Baker Flintlock rifles as early as 1800, which, 


in 1815 at the battle of Mater loo, меге used to wipe out several 
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brigades of Napoleon's artillery. 
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During the Civil War, the Union Army had a variecy of breech- 


шала 2 
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| 


loaders and even some repeating rifles, but little use was made of 
| them becuase ordnance officers considered them unreliable. "The 


most famous was the Spencer repeater, which the Union Army tested 


only after President Lincoln ordered it." 2/ after turning down 
several repeating rifles, the Army adopted the .45 caliber single 
shot breechloader - the Springfield Model 1873. This action was 
taken 32 years after the Prussian Army had first adopted a breech- 


loader, and at a time when European armies were rearming with 


| 
| 
Ë 
| 
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| 


repeaters, Not the least of General Custer's problems at the Little 
{ у 3 Big Horn in 1876 was the fact that some of the Indians had Henry 
и 
| and Winchester repeaters, while his troops had only the carbine 


x 3/ 
version of the single-shot 1873 Springfield. 
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The next standard U.S. Army rifle was the caliber .30 Krag- 
| Jorgensen bolt action repeater, Its adoption in 1892, about 25 
: years after repeaters were available, caused a great furor because 
Í "the United States was in a sad state, indeed, when it had to rely 
`Ë 


on a foreign-designed rifle." 4/ 
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1 V. H. B. Smith and Joseph Е. Smith, Small Arms of the World, 
Harrisburg, Penn., The Stackpole Company, 1962, p.23. 


2 Ibid, p. 60-62 


3 Army Rifles Are Always in Dispute, (ОРІ), Los Angeles Times, 
January 1, 1968. 


š ^ Ibid. 
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The Krag, as) it, was called; proyed no, match for the 7mm Mauser, 5 


w ~ 


> 


used by the defenders of San Juan Hill in the Spanish - American 


War, and was replaced by the Springfield Model 1903.5/ Although 
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! many Americans believe the Springfield to be an American product, 


it was so similar to the 1898 German Mauser, that Mauser was paid 


$200,000 for the manufacturing rights. S/ The Springfield eventually 


ИИ 


became а fine weapon, but for а long time there were problems. 


The first major problem was that of barrel fouling, and the second 


4 was exploding rifles. The barrel fouling was solved by a change in 


the metal used for bullet jackets; the second fault was corrected 


by a change in the heat treatment of the barrel, and in later 
models by a change in the steel used for barrels. Correction of the 


barrel problem, however, was not completely accomplished until after 


World War 1.27 

Perhaps the greatest controversy over the adoption of a rifle 
for the U.S. Army arose when the М1 Garand was standardized. Ranged 
against the Ml Garand, in addition to the people who perennially 
oppose any change on general principles, were the supporters of 


the only real contender, the Johnson semiautomatic rifle. The 


3 Smith and Smith, Small Arms of the World, p. 59. 
6 Ibid 


7 Army Rifles Are Always in Dispute, (UPI), Los Angeles, Times, 
January 1, 1968. 
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relationship of the Johnson rifle to the Ml Garand in the 1930's 
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was very similar to the relationship of the AR15 to the M14 in 
: late 1950's. The original Garand was designed іп 1919 іп caliber 
4276 and used the primer-activated mechanism (Roth primer system). 
In that system the primer is blown back against the head of a 
heavy striker (firing pin) which continues to the rear, unlocking 
the bolt from the receiver and recycling the weapon. (The primer- 


activated system is used today in a leading contender for the 


— 


Special Purpose Individual Weapon (SPIW).) John C. Garand decided, 
or was persuaded (it is not clear which), to redesign his Ml rifle 
for the standard caliber .30-06 cartridge. 

In July 1928 the War Department appointed a board of officers 
"to recommend a specific caliber for the future development of the 


semiautomatic shoulder rifle." This board, called the "Pig Board" 


because in the course of its investigations wound basistics tests 


mario Niall ЗЧ dul Я око АНИ il nus. noa V gibt өв dap „! 
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were conducted using live pigs as targets, investigated three calibers 


of projectiles, caliber .30, .276, and .256. It concluded that if 

a semiautomatic rifle were developed using the standard . 30-06 
cartridge, it would be as heavy, if not heavier, than the then 
standard Springfield M1903; that in order to develop a lighter weapon, 


the Army would have to go to a small caliber, higher velocity round; 


and finally, that the small caliber, high velocity bullets were 
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more lethal within the normal ef féctiveness range of a rifle. 
The board recommended adoption of caliber .276, and that a semi- 
automatic rifle be developed in that caliber. In 1929 the Garand 
(caliber .30) was tested against several semiautomatic rifles, all 
caliber .276. The Army Ordnance Department did not want a new 
cartridge, and cited problems in supply and increased costs, and 
the fact that all caliber .30 weapons on hand and the machine tools 
for the weapons and ammunition would become obsolete. S/ 

In 1932 the Army Chief of Staff, General Douglas MacArthur, 
sided with the Ordnance Department position and decided that any 
future weapon would use the standard .30-06 cartridge. The Garand 
МІ was adopted in 1936 at the time the first working models of the 
Johnson semiautomatic rifle were introduced. During the period 
1936-39 "dozens of minor alterations (in the Ml), to improve function- 
ing or facilitate manufacturing," were made. А complete redesign 
of the gas cylinder was accomplished in 1939-40 to improve performance 
and reduce malfunctions.lC/ In 1940, when over 50,000 Garands were 
already in use in the Army, the Johnson rifle was tested against the 


Garand. Although the Johnson supporters charged that the tests were 


8 Phillip B. Sharpe, The Rifle in America, New Mies Funk & 
Wagnalls Company, 1947, p.519 


9 sal ch and Smith, Small Arms of the World, p.83. 


10 Sharpe, The Rifle In America, p. 520 
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rigged in favor of the Garand, the fact is that Johnson's almost 
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untried rifle came out second best against the thoroughly tested, 
modified design of the Garand, A/ | 
Тһе багапа Ml, fortunately for the United States, was to be 
the best general service rifle in World War 11, The United States 
had caught up with and passed other world powers in the adoption 
of a modern rifle. As with all other weapons, the Ml continued to 
be modified and improved the entire time it was in production. 
The development of the M14 rifle began in June 1945, when the 
U.S. Army stated a requirement for a lightweight automatic rifle. 
During the period 1946 - 50, feasibility studies were conducted 
and 10 different rifle designs were evaluated in an attempt to 
satisfy the requirement." The prototype M14 emerged as the best 
candidate, and from 1952 to 1956 was tested competitively against the 
Belgian Fabrique Nationale (FN). The development of the M14 rifle, 
of course, was restricted to the standard 7.62mm (caliber.30) NATO | 
round, which had been adopted in 1953, thus all but precluding the i 
development of a truly lightweight weapon. Develcpment of the M14 


was slow because of "a lack of emphasis and a scarcity of funding. "127 


11 


| 

12 Report by Preparedness Investigating Subcommittee on the | 
M14 Rifle Program, Committee оп Armed Services, U.S. Senate, 2 Oct6l, | 
l 

i 


Smith and Smith, Small Arms of the World, р 83. 
p-3. 


B-6 | 


CONFIDENTIAL 


"n CONFIBENTIAL 


Jo orbus M. 0f 


H The M14 als ав finally developed and ааа ки 1957, 
was а minor improvement over the Ml which it replaced. It did not 
weigh less, nor was it really acceptable in the fully automatic role 
when fired from the shoulder. Although with the selector lever the 
M14 could be fired in the automatic mode, only those men designated 
as automatic riflemen and equipped with a bipod were issued the 
selector lever. The standard M14 was in reality a semiautomatic 


rifle with a 20-round magazine, too heavy and too long to replace | 


effectively the M2 caliber .30 carbine and the M3Al caliber .45 


submachine gun. 
Concurrently with the standardization of the M14, the ARIS 
was being designed. While Springfield Armory was tooling up for 


production of the M14, the initial comparative evaluation between 


the AR15 and the T44E4 (M14) was conducted. The АК15 did exception- 


win tu 


ally well in its first trial aginst the M14, thereby igniting the 


controversy between the "big bore" advocates and those who believed 


BUM A PUSH NUR د‎ о M ا‎ ada 9 ——— Melee Re د‎ + 


> 


that а significant advance in weaponry could only be achieved by 
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development of а lightweight, high velocity, small caliber weapon. 


"HM 


The similarity of the conflict between the Johnson/Garand and the 
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M14/AR15 is readily apparent. 
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Immediately after World Var II, the Soviet Government  ,. » 
introduced the AK47 assault rifle which has since become the 

standard shoulder weapon for all Soviet and Satellite armed forces. 
Although its caliber is also 7.62mm, che Soviet cartridge is shorter 


than the North Atlantic Treaty Organziation (NATO) cartridge and 


therefore more limited in effective range, velocity, and penetra- 


tion than the NATO cartridge. The Soviet cartridge is also lighter 


than the NATO cartridge, has a logistical advantage in shipping 

and handling, requires less material to manufacture, and permits 

the weapons designed for that cartridge to be shorter and Lighter, A/ 
The АК 47 weighs approximately 8 3/4 pounds empty, and because of 

the reduced energy cartridge, it can be fired more effectively 

from the shoulder in the automatic mode than can the M14. Perhaps 
because of the Soviet adoption of the assault rifle and because of 
American experience in Korea, where U.S. caliber .30 rifle proved 
inconvenient because of its weight and inadequate in coping with 


human wave tactics because of its relatively low volume of fire, 


А the U.S. Army Ordnance Corps began investigation of high velocity, 


small caliber cartridges for use in rifles and carbines in 1952. 
13 


Smith and Smith, Small Arms of the World, р. 589 
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In 1955, U.S. Continental Army Command (USCONARC) Board 3 (the Infantry 
Board) conducted an evaluation of an M2 carbine modified to fire a 
high velocity caliber .22 cartridge. The report of the project 
recommended that investigation of the high velocity, small caliber 
principle be given a high priority and that a lightweight rifle 
47 
. utilizing the high velocity, small caliber concept be developed. E 
| 
i 
E! E 
"AE 
Ë 1 
Ч 14 E 
Report of Project 2709, Board 3, USCONARC, 28 Nov 55, 1 45 
Evaluation of M2 Carbine Modified to Fire High Velocity Caliber . 22 б 
Cartridges. E 
E 
| 
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USCONARC directed the U.S. Army Infantry Board on 21 March , 

1957 to prepare military characteristics for a high velocity, 

| small caliber гін, and on 26 July 1957 the Board forwarded 
draft characteristics to USCONARC for approval. Ba fore the 
Infantry Board submitted the draft characteristics however, 
General Willard C, Wyman, Commanding Canoral, USCONARC, acted to 
expedite the development of a lightweight rifle, 

The development of the ARIS rifle, was initiated ín míd-1957 
by Mr, Eugene Stoner of the Armalite Corporation, Costa Mosa, 
California, in responso to a verbal request from Ceneral Wyman, 
The request, also made to other gun manufacturers was for a new light- 
woight infantry rifle chambered for high velocity caliber ,22 
cartridges, The general specifications were: а maximum loaded 
Weight of six pounds; a capability of firing semiautomatic or full 
automatic; a killing power equal to or better than that of the МІ 
(ca rand) rifle up to 500 yards; and а capability of penetrating a 
steel helmet or standard body armor at 500 yards, 

T. Ter, ATDEV-3 474/6, На, USCONARC, 21 Mar 57, sub: Study of 
Military Characteristics for a Rifle of High Velocity and Small 
Caliber, 

2. Ler, ATBC 474 (Р-2743), U.S. Army Infantry Board, 26 Ju: 67, 


sub: Draft Military Characteristics for a Rifle of High Velocity 
and Small Caliber, 
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On January 1958, General Wyman sent a letter to General | 
Maxwell D. Taylor, then Army Chief of Staff, recommending caution 
in overselling the M14 rifle to Congress during the FY 1959 budget 
hearings. The letter indicated General Wyman's support of the 
small caliber rifle. 

As you know, in April 1958 we will receive two types 

of small caliber rifl»s, an Armalite and a Winchester, 

for evaluation at the USA Infantry Board. Should these 

rifles be found superior to the M14, as Т am almost 

certain they will be, it would be most unfortunate if 

the Army had committed itself before Congress to 

irrevocable support of the M14 rifle. Disregard of the 

potential presented by the smail caliber rifle at this 

time might well preclude Army exploitation of a 

superior rifle system which could conceivably appear on the 

developmental scene at an early date. 

The AR15 Rifle design was a scaled down version of the 7.62mm 
АК10 rifle, also designed by Мг. Stoner. The ARIO had been tested 
earlier by the Army and found unsatisfactory as a military weapon. ==! 

The AR15 was first tested by the U.S. Army Infantry Board in 
1958. The results of the test indicated that the АК15 should be 
considered as a potential replacement for the M14. The U.S. Army 
Arctic 1.6: Board made the same recommendation after completing 
its test in early 1959. Since the M14 had only been standardized in 


1957 and was then being produced in small quantities by Springfield 


Armory, the AR1S's performance and the results of the tests were 


3. Personal Ltr, 11 Mar 57, Mr. Jacob L. Devers, Fairchild Corp., 


to Gen Willard С, Wyman, CG, USCONARC. 
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quite disturbing to the advocates of big bore weapons which, 


generally constituted the military establishment. The situation 
was further complicated by the 1953 NATO agreement which standardized 
the 7.62mm round of ammunition and would remain in effect for several 
years. 

In late 1958, the Powell Board was convened to review the 
entire rifle program and, if possible, to reconcile the conflicting 
opinions. The board, composed of general officers, liked the smali 
caliber, high velocity concept, but recommended that no further 
consideration be given to the caliber .223 round. It further 
recommended that the M14 rifle be retained for the automatic 
rifle role and that development of an АК15 type of weapon, chambered 
for a caliber .258 round, be expedited to replace the M14 in the 
rifle role. The caliber .258 round was the Powell Board's estimate 
of the optimum small caliber round. 

General Wyman had arranged for a field experiment vith the 
АК15 at the Combat Developments Experimentation Center, Fort Ord, 
California, "го compare the relative effectiveness of variously 
organized rifle squads armed with M14 rifles and the Winchester 
and Armalite lightweight, high velocity rifles." The results of 


the test reported on 17 April 1959, showed that the lightweight 


4. А сору of the Powell Board Report is not available, These 


statements were taken from an undated background document on rifle 
developments, prepared by Dept. of Army sometime іп 1963. 
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rifles were much more effective than the M14, in terms cf volune of 
fire and number of targets hit. Further, a 5- to 7-man squad 
acned with che AR15 would be as effective as а 10-man squad armed 
with the M14. 

The AR15, however, was now involved in the thirty-year-old 


battle between the big bore and the small bore high velocity 


schools of thought, which began with the 1928 "Pig Board“ recommenda- 
tion for a small caliber, high velocity round. Ordnance officers 
persuaded the Army Chief of Stafí, General MacArthur, in 1932 to 
disapprove procurement of weapons of less than caliber .30, and 
almost thirty years later, the 1928 arguments of cost, facilities, 
and inventory, together with the 1953 NATO standardization agreement, 
were used to convince the Chief of Staff, General Taylor, in January 
1959 that the МАТО 7.62mm (caliber .30) round should be retained. 

His successor, General Wheeler, reaffirmed that position in September 
1959. These decisions temporarily stopped developmental work on the 
small caliber, high velocity concept as far as the Army was concerned. : 


The next major push for the AR15 came from the Air Force in 1960. 
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Air Force2/ 


Following World War II, the United States Air Force inherited 
large quantities of Ml and M2 carbines. For several years the 
carbine was used by the Air Force as the basic weapon for base 
defense and security. During a staff meeting on 29 August 1960, 
Lt. Gen Curtis E. LeMay, Air Force Vice Chief of Staff, remarked 


that there appeared to be a requirement for a better small arm for 


| 
| 
| 
| 
| 
i 
| 
| 
| 
| 
| 
{ 
Air Force local security, and declared that he wanted the require- 
ment firmly documented. An Air Force program was launched to 
replace all carbines in use with a more modern weapon, 
1 Аз envisaged, procurement of a new rifle should have been ап 
insignificant program for the Air Force, The cost was to be less 
than two million dollars a year over а five-year period, and programs | 
of that size were normally handled by the Air Force ESE reference | 
to the Department of Defense ог Congress. However, this rifle | 
procurement action initiated a major controversy. 

Following the directions of the Vice Chief of Staff, an all- 
command survey determined that the Air Force had a valid vequire- 
ment for a new weapon to replace the carbine. Ап Air staff Study 
recommended that a total of 85,000 weapons be procured over a 
five-year period. 

5, This entire section covering the Air Force early history has been 
abstracted from an undated History of the ARIS (M16) Rifle, prepared 
by the Air Staff, Headquarters, United States Air Force, 
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briefed on the Air Staff recommendations on selection and ргосиге- 
ment of a new weapon for the Air Force, Following the brief ing he 
directed that the Air Staff select the weapon, and that the Air 
Materiel Command be directed to procure the weapon at the rate of 


19,000 a year. Не further stated that he felt that the Armalite, 
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АК15 rifle was the weapon that should be procured, 
Following the 1958 US Army Infantry Board tests of the АК15 
rifle, a representative of the Armalite Corporation visited the 
1 Pentagon to demonstrate the хайлан to the Vice Chief of Staff of 


Ба the Air Force. The Vice Chief of Staff agreed to have the weapon test- 


ed by the Air Force, but declared that he could not force the issue 
of buying it over Агту objections. 
In tests at Aberdeen Proving Ground, Maryland, Fort Greely, 


Alaska, and Lackland Air Force Base, Texas, the AR15 rifle was 
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found to be an excellent weapon. In fact, it vas found to be 
superior in nearly every respect to any other known military rifle. 
3 The firm of Cooper-MacDonald, Inc., had been selected as the 


sales representative for the АК15 rifle, and Colt's Patent Fire 


Arms Manufacturing Company had by 1960 obtained the manufacturing 


rights, In July 1960, АК15 rifles were sent to the Air Force 


Marksmanship School for testing. The Air Force Vice Chief of Staff 


was impressed with their performance, and on 13 July 1960 he held 
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‚ а meeting with the Chief of Research, and, Development, Department „ 


у 


of the Army, and repcesentatives of Cooper-MacDonald. As а result, 


Ё 


the Chief of Ordnance was asked to complete additional tests of 


the АК15 rifle for the Air Force. Оп 9 September 1960, the Air 


Force Vice Chief of Staff was briefed on the latest small arms 


development programs of the Department of the Army; and on 26 


— ee ананан 


September, along with Mr. Sloan of the Federal Вигеаи of Investiga- 

tion and the Army Chief of Research and Development, he attended a 

demonstration of the ARLS rifle at Aberdeen Proving Ground, Maryland. 

He and the other attendees were impressed with the perfotmance of 

the weapon and after a comprehensive study of the weapons available, 
— the Air Force selected the АК15 rifle as the weapon that best 


| satisfied its requirements. Funds for procurement of 19,000 new 
| rifles were requested in the Air Force 1962 budget. : 
| 


Problems with the Department cf Defense 


: Funds for procurement of the АК15 rifle were withheld by the 


at 
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Department of Defense. The reasons given were that (1) introduction 


^ 
— — — 


of another rifle of different caliber and characteristics into the 
Department of Defense inventories was not desirable; (2) adoption 


of a .223 caliber rifle for the Air Force was not consistent with 


А КҮЛІ ЛИ 


5 NATO standardization objectives, and (3) large quantities of МІ and I 
1 
M2 carbines were available in Army and Air Ferce depots which, | 3H 
although they were twenty years old, were still usable. i E 
| 
| 2 
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à The Office of the, Di rector, of Defense Research and Engineering 


compe iae ч 


i and the Office of the Assistant Secretary of Defense, Installations 


and Logistics, had not agreed to Air Force procurement of the new 


rifle. This information was brought to the attention of the Air 


Force Chief of Staff on 18 July 1961, and by 20 July he had conferred 


with executives of these offices. It was agreed that a study should 


be made of the entire matter to serve as the basis for a decision by 
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the Secretary of Defense. Оп 31 July, the study was complete; іс 


recommended that the Air Force be allowed to procure the AR15 rifle. 
But there was still opposition within the Office of the Secretary 


of Defense; and after several exchanges between the Air Force and the 
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Office of the Secretary of Defense, а meeting was held 21 August 1961 
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to discuss the program. The Deputy Secretary of Defense chaired the 
meeting. The Assistant Secretary of Defense for Research and 


Engineering and Assistant Secretary of Defense, Installation and 


| Logistics, supported the Air Force position; the Department of 
| Defense Comptroller opposed the procurement of the rifle. The мэ 
| results of this meeting were contained in a memorandum to the 

| Secretary of the Air Force, stating that the request for ргосиге- 

4 8 P 

| 
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ment of the АВ15 rifle was not approved. The prime reason giver. was 


the problem of justifying to the Bureau of the Budget or to Congress 
а proposal to procure another new weapon in view of the Amy's rifle 
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Disapproval of’ tHe Ait Force request appeared to be final. 


ТЕЛО 


However, General Lemay, the Air Force Chief of Staff, held соп- 
ferences with the Deputy Secretary of Defense to determine the 
course to follow to obtain the rifles, From these and other 
meetings within the Office of the Secretary of Defense, it was 
concluded that procurement of the new weapon depended on how the 
House Appropriations Committee felt about the matter, At the first 
approach Мг. Mahon of the Committee was not sympathetic with the 
proposal, and this information was presented to the Air Force Chief 
of Staff, along with the recommendation that the whole matter be 
dropped. 

On 23 August 1961, six days after the official disapproval, the 
Air Force Chief of Staff voiced his desire to obtain the AR15 rifle 
for the Air Force at a Secretary of Defense staff meeting. Dis- 
cussions among members of the Secretary of Defense staff following 
the meeting led to the conclusion that the Air Force had not 
supported procurement of the weapons in the proper manner. ТЕ was 
suggested:that the request be resubmitted on the basis of a need for 
mew weapons for special warfare. 

By the following day, 29 August 1961, the case had been 
presented to Mr. Mahon, who had expressed the view that in general 
there should be no Congressional objection to the Air Force procure- 


ment of the rifles for special warfare. Members of the Air Staff 
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were instructed to request Secretary of Defense approval of p осиге- 


ment of а limited quantity of АК15 rifles for use by Composite Air 


Strike Forces and personnel assigned duty in Southeast Asia. But. 


the idea was not well received by staff members in the Office of the 


Secretary of Defense. Little progress was made until 8 September 1961, 


when the Air Force Chief of Staff returned from the air show at 


Farnsborough, England. А letter proposing that the Air Force be 


allowed to procure 8,500 АК15 rifles for test, training, and 


unconventional warfare was sent to the Deputy Secretary of Defense. 


Approval was received on the same day. 


On 11 September, the Air Force received some long-awaited 


help in its fight for the AR15 rifle. The Military Assistance 


Advisory Group in Vietnam requested a quantity of AR15 rifles for 


` 


combat testing by the Vietnamese. The Director of Defense Research 


and Engineering and other members of the Secretary of Defense staff 


briefed Congressman Mahon on the entire effort in Vietnam. He 


promised his support in the procurement cf the rifles. 


Political Problems 


The Deputy Secretary of Defense supported the Air Force request 


with a letter to Congvess оп 19 September 1961. The first two 


— . er ол Жу 


paragraphs of the letter are quoted; 
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Subsequent to Congressional. action, on the Defense, | 
Department budget, the Air Force introduced an urgent 
requirement for equipping a portion cf its forces with 
the AR15 Rifle. у 
The Department of Defense has investigated thoroughly 
and concurs with the need for the rifle. The necessity 
for it has been personally justified to me by the Chief 
of Staff of the Air Force. 
Copies of this letter were sent to Mr. Mahon, Chairman, Department 
of Defense Subcommittee, Committee on Appropriations, House of 
Representatives, and to Mr, Willis Robertson of the Senate. 

Prior to official notification, many Congressional staff 


members had requested briefings on details of the Air Force request 


and on the АВ15 rifle. On 21 September, the House Subcommittee on 


Appropriations held hearings on several re-programming requests, one 


of which was the Air Force ARL5 rifle request. Because a joint 


session of Congress was scheduled for 12:30 p.m. the Chairman of the 


Committee had announced that the hearings would have to close at 
12 o'clock. The АК15 rifle request was presented seven minutes 
before 12 o'clock. Because of the lack of time to complete the 
hearing, Mr. Mahon closed the session, stating that additional 
information would be required. E 
It was obvious that the Air Force had run into difficulties. 
The requirement for the AR15 rifle for special warfare was not well 


presented, The hearings turned into a debate on how the АК15 


compared with the M14 rifle and why the Air Force should use the 
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same rifle аз the Arey. Attempts were паде to discuss the question | 
with individual members of the committee. However, on 23 September 
Mr. Mahon sent a letter to the Secretary of Defense stating that the 
Department of Defense Subcommittee of the House Appropriations 
Committee had voted to withhold approval of the Air Force requcst 
but would give the matter further consideration when Congress re- 
convened in January, 1962, if requested to do so. 

Within a few days the Air Staff and supporters of the program 
in the Department of Defense had developed a new approach. The 
Advanced Research Project Agency of the Department of Defense was 
to attempt to get permission to buy a limited quantity of АК15 rifles 
for Vietnam without referring the matter to Congress. 

The Deputy Secretary of Defense disapproved the request for 
procurement of a limited quantity of АК15 rifles for Vietnam, 
declaring that the political implications were such that any 
procurement would have to have Congressional approval. By mid- 
December 196i, after further requests from Vietnam and other sources, 
permission was obtained and 1,000 AR15 rifles were procured. 

By December 1961, the question of which weapon to furnish 
the Vietnamese Army had to be answered. Many wanted to send the 
old Ml (Garand) rifles, but they were extremely heavy for the 
small natives. Old World War II carbines were less unreliable and 
would require rehabilitation before being returned to service. 


The Chief of Staff of the Air Force was pressing purchase of the 
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ме" AR15 rifle for Vietnam but the Chairman of the:Joint Chiefs of Staff, 
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(who had previously ruled against the AR15 rifle) insisted on 
sending the carbine. On 13 December 1961, Егеу took their case 
to the President, The President culza in favor of the carbine. 
Following this decision, the Air Force Chief of Staff took steps to 
have the President briefed on the merits of the АК15 rifle and the 
Air Force interest in it. Later, the President became very much 
interested in the weapon and was КӨТЕН holding one. 
When Congress reconvened on 12 January 1962, the Secretary of 
the Air Force visited Congressman Mahon, and one of the items 
discussed was the AR15 rifle. Mr. Mahon advised that unless the 
Air Force AR15 rifles were in the budget, it would be b trer not 
to bring the matter to the attention of Congress. However, on 
8 March 1962, Mr. MacDonald, salesman for the AR15 rifle, called to 
report that he had information indicating that the House of 
Representatives Appropriations Committee was ready to approve the 
Air Force request for the weapon. Two major events brought about Y 
the change in attitude. Mr. Mahon and the Deputy Secretary of 
. Defense were guests at the Air Force firepower demonstration at 


. Eglin Air Force Base, Both were impressed by а demonstration of 
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the АК15 rifle. А similar demonstration was arranged for the 


President, 
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By May 1962, the ARIS rifle was а common item of discussion 
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at high-level meetings throughout the Department of Defense, Reports 

of the performance of the weapon in actual combat were beginning 

to arrive from Vietnam. The Air Force Chief of Staff was ready 

to go back to Congress with the request for the Air Force. On 

10 May 1962 the official request went to Congress and approval was 

granted on 15 May. The Air Force had the rifles on contract within 

seventy-two hours, from the time the authorization was received. 
The opponents of the ARIS rifle and the concept of small 

caliber, high velocity weapons did not give up without a fight. 

The May 1962 issue of the American Rifleman magazine contained what 

the Air Staff thought to be a very biased article that degraded the 

ARI5 rifle. The Air Force was asked to rebut the article for 

members of Congress. Other derogatory statements were frequently 


made about the AR15 rifle, but test results were used to refute all 


W gU UN 


Following the procurement of the initial quantity of weapons, 


| 
| such statements. 
Ї 
i 


the Air Force included 19,000 new АК15 rifles in its FY 1963 budget. 


Before the request reached Congress, the final report from the 


M07 Advanced Research Project Agency test of 1,000 ARIS rifles in 


Vietnam was published. 


It reported the AR15 rifle to be an out- 


standing weapon with phenomenal lethality. The Air Force plan to 


procure a total of 80,000 ARIS rifles was recognized and accepted 
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by the Department of Defense, апа Congress when the FY 1963 budget 

request was approved. The Air Force FY 1964 and 1965 budgets pro- 
vided the remaining 52,500 rifles necessaiy to complete the 80,000 
total. 

This occasion marks the first time that the Air Force hes 
bought a military rifle. More significant is the fact that the 
Department of the Army and the Marine Corps procured the rifle after 
the Air Force brought it into the Department of Defense inventory as 
a Standard weapon. The АК15 was designated the standard basic 
weapon for the Air Force on 2 January 1962, and designated the M16 
rifle by the Army 11 December 1963. 

Department of Defense Activities 

While the Air Force was working to obtain the АК15 as a 
standard weapon, 4RPA procured ten AR15 rifles and the necessary 
ammunition for an evaluation in Vietnam,S/ The evaluation of these 
weapons in Vietnam resulted in a request, in September 1961, by the 
Chief of the Military Advisory Assistance Group (MAAG) for 4,300 ARIS 
rifles for a full combat evaluation. The request suggested three 
alternatives involving approximately 1,000, 2,500, or 4,300 rifles, 
and cited the political and psychological advantages of providing 
advanced weaponry for use by the small statured Vietnamese in their 


counterinsurgency war. The Joint Chiefs of Staff had not acted on 


6 Memo for Chief, Office Service Section, OSD from ARPA Plans 


and Policy’ Division, 27 Jun 61. 
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E р the request, preferring to await, the outcome of an evaluation of 
the Vietnam test and other tests by the Commander-in-Chief, Pacific. 
The Director of ARPA, believing the request to be urgent, sent a 
memorandum to the Secretary of Defense on 9 December 1961 recommending 
approval of the request for 1,000 AR15s and the necessary spare parts 
and anmuni ti on. 27 The recommendation vas approved and the 1,000 
weapons were purchased with ARPA funds for testing. The report of 
the ARPA test recommended procurement of the ARIS rifle for the 
Vietnamese in lieu of the Мі, Ml carbine, and Thompson submachinegun. 
The Air Force used the results of the ARPA test, previous Army tests, 
and its own tests to support procurement of the ARIS. 

On 29 August 1962 a White House Information Brief gave the results 
of the ARPA Vietnam test and provided extracts from various tests, 
citing the advantages of the АК15 over the Ml and М14 rifles, as 
well as over the Ml and M2 carbines and the Thompson submachine gun.8/ 
The report, coupled with the Assistant Secretary of Defense Comptroller 
effectiveness and cost comparison (Hitch Report) published 27 September 
1962,2/ brought the controversy over the М14 and АК15 to the atten- 


tion of the Office of the Secretary of Defense and the White House. 2 


JJ КЕНЕС اه‎ ана 
7 Memo for SECDEF, 9 Dec 61, subj: ARIS Armalite Rifles for 
Test in Southeast Asia, from АВРА, 


8 White House Info Brief, 29 Аир 62, subj: АК15 Armalite Rifle, 
Test Completion and Adaption for Vietnamese Armed Forces. Prepared by АКРА. 


9 Office of the Assistant Secretary of Defense Comptroller, А 
Comparison of AR15 and M14 Rifles (Effectiveness and Cost), 27 Sep 62. 
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Оп 12 October 1962 the Secretary or Defense sent a memorandum to 
the Secretary of the Army requesting the Army's view of the relative 
effectiveness of the Mi4, AR15, and the Soviet AK47 rifle; the Amny's 
rationale in support of that view; and the action which should be 
taken if either the Soviet or the АК15 rifle appeared to be superior 
to the ML4. While the Army was preparing for the comparative evalua- 
tion, members of the Executive Office of the President expressed 
their concern over the Army's rifle program. The President was 
concerned about the differences of opinion, and on 9 November 1962 
Mr. O'Donnell, Special Assistant to the President, forwarded a 
memorandum to the Secretary cf Defense requesting his comments оп 


the weapons. The Secretary of Defense informed the White House of 


the evaluation being conducted by the Army and promised to forward 


his comments upon receipt of the evaluation report and recommendations 
from the Асау. 
1962-63 Comparative Evaluation 

The report of the comparative evaluation of the M!4, ARIS and 
AK47 rifles was submitted to the Army Chief of Staff, who reviewed 
it and forwarded it with his conclusions and recommendations to the 
Secretary of the Amy 14 January 1963. In the review of the report, 
the M14 was shown as superior to the АК15 in penetration, night 
firing, and reliability, and the ARIS superior to tne MIA in auto- 


matic fire and transportability. In all other military characteristics 
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both weapons met or exceeded the military requi remonts, An unsatis- 
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factory pitino in reliability and night firing for the ARIS were 
judged readily correctable, and the report acknowledged that the 
M14 must be modified to be acceptable in the automatic fire role. 


The Chief of Staff recognized and discussed the political factors 


involved. He attached importance to the NATO agreement on ammunition 


Standardization, stating: 


To introduct a .223 caliber system in Europe 
without prior coordination with our allies 
would be an outright violation of a specific 
standardization agreement . . . I consider 
it imperative to continue our suppcrt to the 
NATO standard system until we can be assured 
that our allies will joint us in adopting a 
new standard. Hopefully, that would be for а 
complete weapon system, not just for standard 
amnunji tion. 

Concerning the na-ional political implications, he further stated: 

I am also acutely aware of the great domestic 

interest in both the АК15 and the M14. No 

matter what the Army's decision in this matter 

may be, it will be subjected to criticism by 

proponents of one or the other of the weapons, 

or both, and by representatives of the regions 

econonically affected.ll/ 


107 Al though the NATO standardization agreement was cited as а 


reason for not adopting the AR15 as a standard system in the 1958 tests, 
in the 1962-63 evaluation and in several other papers dealing with 
the ARL5 before the SAWS Study, the M16 Review Panel could find no 
evidence that the subject of standardizing the caliber .223 (5.56mm) 
ammunition, or the weapon system itself, had ever been discussed with 
the NATO allies. Therefore, it may be that the U.S. had no knowledge 
of how the Allies felt about changing the standard round or accepting 
the 5.56mm round as an additional standard round. (The British had 
proposed that a study be instituted to determine the desirability of 
accepting the 5.56mm as an additional standard МАТО round at the April 
1967 NATO Standardization Meeting of Panel III. 411 nations voted in 
favor of the study at that time). 

11/ су for SA, 14 Jan 63, subj: Comparative Evaluation of the M14, 
ARI 5, and Soviet AK47 Rifles. 
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After consideration of the relative merits of the two weapons, 
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“the political ана: ^ dis status of SPIW devatopment, and the 


procurement and funding situations, the Chief of Staff recommended: 


a. In FY 64 (the Army) procure between fifty thousand 
and one hundred thousand АК15 rifles and in priority, 
use them to equip Air Assault units, Special Forces 
units, and Airborne units. 


— . 6 Ee EPH нен 


i b. In FY 64 (procure) a sufficient number of the M14 (M) 
i Modified rifles to provide an automatic rifle capability 
to all infantry squads armed with the M14 rifle. 


i c. Reduce the FY 64 M14 program by a number sufficient to 
accomodate recommendations a and b above. 


d. Continue the current SPIW program and undertake 
expedited improvement of the AR15 to determine at 
the earliest possible date which of these weapons will 
best meet the requirement for a follow-on rifle. 
These recommendations were approved by both the Secretary of the 
Army and the Secretary of Defense, 
Near the completion of the comparative evaluation, the Secretary 
of the Army directed the Army Inspector General, with the advice 
and assistance of the Army General Counsel, to conduct an official 
investigation to determine whether, in fact, the comparative evalua- 
tion was conducted іп a fair and impartial manner. 12/ No documenta- 


tion has been found to indicate the reason for the investigation. 


The report of the ínvestigation concluded: 


a. Instructions governing the tests, conditions under which 
the tests were run, conduct of the tests themselves, and 
the methods of recording the test data were fair, impartial, 

. Objective, and non-pre judicial. 
UTC 2 секрет nf the Arey Mamm fab tha Tacaset 
2 Secretary of the Army Memo for the Inspector General, US Army, 
21 Dec 62. 
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b. Methods of evaluating the test data as pertains to 
analytical processes, involved and treatment of certain: 
test results at U. 5, Army Infantry School and U.S. 


Army Infantry Board were subjective and tended to favor 
the M14, 


c. Reporting of the test results as pertains to presentation 


of the data, mixing personal observations with the analysis, 


and the tone of the verbiage of the report at USAIS and 
USAIB was subjective and tended to favor the MIA. 


d. Attitudes of certain personnel at USAIS and USAIB were 
favorable to the М14 to a degree that these attitudes 
may have caused subjective treatment of test results in 
analysis and reporting. 


e. Tests of the ARI5 and M14 rifles, with the exception of 
reservations expressed in conclusions b, c, and d, above 
were thorough, accurate, and objective; tests of the АК47 
were limited by availability of weapons and ammunition. 


8. Reports submitted by CG, U.S. Army Materiel Command and 
CG, U.S. Army Combat Developments Command have adequately 


discounted all material to which reservations are expressed. 


As indicated above, some of the controversy between the "big 


bore" and the "small bore" advocates was evident even though the "Бір 


bore" favoritism toward the M14 was recognized and discounted by the 


two major reporting commands. 


On 11 March 1963 the Secretary of Defense designated the Army the 


Department of Defense agent for procurement of the AR15 (M16) system 


for all Services. His guidance further specified: 


that beginning with the FY 64 procurement only one 
rifle, rather than separate Service versions, is (to 
be) produced and that it is (to be) produced with 


I3 Letter, Office of the Inspector General, U.S. Army, subj: 
Report of Investigation Concerning the Comparative Evaluation of the 
ARIS, M14 and AK47 Rifles, 8 Mar 63. 
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minimum delay (and that) modifications Gf the weapon ` ' 
and its ammunition are to be concurred in by all 4 
Only such modifications as (are) absolutely 


necessary should be made.— 


The AR15 Technical Coordinating Committee was formally established 


by the Commanding General, USAWEC(M on 29 March 1963,15/ although 


the committee's first meeting was actuaily held 26-28 March 1963 to 


expedite service coordination. 


The USAMC Project Manager for the АК15, 


whose office had been established on 6 March 1963, 


was designated 


chairman of the Technical Committee and continues to serve in that 


capacity. 


14 SECDEF Memo to SA, subj: АК15 Ammunition and Rifle (U), 11 Mar 63. 


. — 


OI 


15 Letter AMSWE, HQ МЕСОМ, subj: Appointment of ARIS Rifle Technical 
Committee, 29 Mar 63 (copies addressed tc the military head of each 


Service). 
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16 Msg 3-1427, НО, USAMC, 6 Mar 63. 
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D. History of the М16 5 : che Army Was Assigned 
Program Cóordinat. - 'onsibility. | “4 


“EN ERAL 

The history of the M16 since the establishment of the Office 
of the Project Manager and the Joint Service Technical Committee 
is confusing if viewed chronologically. The M16 Review Panel, 
therefore, has chosen to present this period of the history of the 
M16 rifle by selected areas of interest. 

PROCUREMENT, PRODUCTION, AND DISTRIBUTION 

Procurement and Production 

The procurement history of the АК15/М16/М16А1 rifle has been 
marked by a divergence of opinion as to the capabilities and defi- 
ciencies of the weapon system, and erratic statements of requirenents. 

Army procurement was begun with the purchase of a smail quantity 
of АК15 rifles for test and evaluation in FY 1962, followed by а 
limited procurement, one-time buy in ҒҮ 1964. Although no further 
procuremenc was anticipated, an urgent requirement for the rifle 
in Vietnam in 1965 set the stage for а large purchase in FY 1966. 
Subsequent procurements in FY 1968 and 1969 have been based on pro- 
duction capacities rather than on any well-defined, long-range pro- 
gram. Within this same period (1966 to 1968) requirements to sup- 
port forces in Vietnam, particularly the Free World Military Forces, 


have increased rapidly. А recapitulation of Army Procurements and 
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deliveries for FY 1962-68 is displayed in Table 11-1. FY 1968 
deliverics are not firm and may change as directed by the Joint 
Allocations Board. The total M16 rifle program for all services 
during РУ 1961-68 is shown in Table 11-2, 

Ammunition procurement has not always kept pace with rifle 
deliveries, but once the production base was established, it has 
created no significant problems. The first year buy involving 
а major procurement action for 5.56mm ammunition was for 131 mil- 
lion rounds in fiscal dab 1964. ТЕ was at this time that che Army 
assumed the role of purchasing agent for the total service 5.56mm 
ammunition requirement, 

There have been no serious rifle production problems except 
for minor discrepancies in quality control. The contractor quality 
assurance program for the M16 rifle is defined by Springfield Armory 
Purchase Description 2538 as amended 24 October 1966, and is basi- 
celly identical to that required of M14 rifle contractors. Quality 
assurance monitorship and acceptance inspection is: provided by the 
Hartford office of the Defense Contract Administration Service. 

The quality assurance program for 5. 55mm ammunition developed 
by an evolutionary process from the general terms of commerical 
specifications to the requirements established today. Many of the 


current standards were created because deficiencies were discovered 
D-2 
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in the system through laboratory tests and field usë. Appearing ; 
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periodically, examples of poor quality control have served to 
emphasize a need at the time to tighten existing controls or to 
establish new test or inspection procedures, 
Negotiations 

Colt Industries acquired the proprietary rights for the АК15 
rifle from Fairchild Aircraft Corporation in January 1959 at a cost 
of $75,000 plus 4% percent royalty cn all weapons produced. Ап 
additional $250,000 and a one percent royalty on each rifle was 
paid to Mr. Robert W. MacDonald, president of Cooper-MacDonald, 


Inc., as a finders fee. The requirement that Colt's Inc. pay the 


—— — — — л. 


above-mentioned royalties totaling 5% percent was a factor in all 
subsequent negotiations. 

On 8 August 1963 the first request to Colt's Inc. for а quota- 
tion on a price for delivery to the Government of a complete tech- 
nical data package and the right to manufacture the M16 rifle was 
made. Colt's refused to negotiate, stating that when total require- 
ments for the rifle exceed 500,000 units, it would consider licensing 
other sources of production, 47 The Assistant Secretary of Defense 
(I&L) then directed that procurement actions be completed Without 
negotiating for proprietary rights since there were no plans to pur- 
chase more than 85,000 of these rifles for the Army. 


22 47: weno, На, USAWECOM, 30 Oct 63, sub: Submission for Ap- 
i proval of Award of Contract for Rifle, 5.56mm, M16. 
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In ОСЫ бас 1964 Colt's Inc; made four alternative offers, the 
most attractive of waich would require no payment other than 5% 
percent royalty on each rifle if at least 540,000 rifles were pro- 
duced. These offers were rejected because there were no indica- 
tions of а re чігепепе for this number of rifles in the future. 

A decision of 6 December 1965 to procure an additional quan- 
tity of M16 rifles renewed the Army's interest in the patent 
rights and further negotiations. However, the letter order contract 
awarded on this date did not include any provision for negotiations 
because the Army urgently needed the rifles and wished production 
to commence as soon as possible. Іп Мау 1966, it was agreed by 
both parties that negotiations would be completed prior to 1 Decem- 
ber 1966. 

Negotiations continued until the contract was finally signed 
on 30 June 1967. The negotiations would very likely have been com- 


pleted several months earlier if a mutual agreement had not been 


made on 17 February 1967 to negotiate only for rights to the rifle | 
and if the Army had not insisted оп 2 March 1957 that the rights to 
the САК15 (XM177) submachine gun be included. New terms were thus 


“introduced and required a longer time for resolution. 


! 


Allocation and Distribution 


Allocation of M16 М16А1 rifles and associated ammunition among 
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service is accomplished by the Joint Materiel Priorities and 
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Allocations Board. All services are represented at the board hear- 
ings, but aliocattons are based — (à ая b. djs 
proved by the Secretary of Defense and the stated requirements of 
Commander, 0, S. Military Assistance Command, Vietnam. 

Economic analysis of M16 rifle procurement through develop- 
ment of cost quantity relationships in small arms manufacture 
and comparison of these relationships with past and projected 
M16 procurement provides useful insights regarding the M16 
procurement contracts which were recently awarded. Very little 
reduction in unit price of rifles is experienced after production 
of the first 100,000 weapons. (A learning curve of 98 percent 
is typical in this industry.)  Justification for the establishment 
of multiple sources cn exclusively economic grounds is difficult 
since start-up costs and initially high unit costs cannot be easily 


absorbed through substantial cost reductíons in later production, 


There appears to be little economic justification for the recent 


establishment of two additional M16 production sources. 
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PRODUCT IMPROVEMENT MODIFICATIONS 
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In the case of small arms, numerous minor modifications аге 
сс апоп1у made to the weapon during its service lifetime. This was 
the case with the M1903 "Springfield", and with the Ml and M14 
ri: les as previously discussed. These modifications, made to im- 
Brie functioning, durability, facilitate manufacturing, or reduce 
226 are most numerous in the early developmental phase of the 
1.Ее cycle and, as would be expected, tend to diminish after the 
system has been fielded a few years. 

The requirement for modificaticns of the АК15/М16 system has 
been consistant with that experienced by preceding weapons as indi- 
cated above. Unlike previous Army rifles, the administrative pro- 
cedures for modification of the M16 had to be initiated by the con- 
tractor since the weapon was a proprietary item and all rights to 
drawings and production were the property of Colts. No evidence 
vas found to indicate the contractor r2sisted or delayed any of the 
changes desired by the Government. The changes made in the M16 
since the Army became responsible for procurement of the system are 
shown in detail, by contract number, in Appendix 11 and summarize2 
below. Two modifications, the addition of che bolt closure device 
for the Army and the change in the barrel twist rate from 1 turn 


in 14 inches to 1 turn in 12 inches, which have been а subject of 
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controversy within and outside of DOD, are not included in this 
discussion since those changes were made prior to finalization of 
the first Army contract. Discussion of those two changes will be 
found in Appendices 2 and 5. 

Colt's initiated production of the M16 and the ХМ16Е1 rifles 
in March 1964, under contract DA-11-199-AMC-508. In April and May 
1964 eight Requests for Technical Action (RTAs) to permit dimen- 
sional and material or surface treatment changes, and two Requests 
for Waivers (RFWs) to permit acceptance of weapons with cyclic 
rates of fire up to 900 rounds per minute were submitted. Cyclic 
rate variation apparently was not a major area of concern in 1964, 
as no test evidence substantiated the AR15-M16 Rifle Technical 
Coordinating Committee's approval of the specification change, nor 
was cyclic rate measured at Aberdeen Proving Ground in the engineer 
design test of propellants conducted during this period. In Мау 
1964 two RTAs submitted by Colt's requested revision of drawings 
for 58 parts, as obtained from Armalite, to improve the component 
parts and to eliminate certain malfunctions. These requests were 
followed by two more proposals in June and August 1964 to modify 
19 additional parts. In June 1964 Colt's requested and received a 
waiver to deliver Ml6s with cyclic rates up to 900 rounds per 


minute. 
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Provision was made for the use of stainless steel for the 
P M gas tube and gas tube assembly in November 1964. 


In January, February, and March 1965, Colt's subcontractor 


for the M16 upper receiver forgings was behind his delivery 
schedule. To meet the deliveries scheduled for the U.S. Air 
Force, Colt's requested and received permission to utilize 
ХМ16Е1 upper receiver forgings (with the bolt closure device) in 
fabricating М16 upper receivers by milling off the forward 


assist boss (Bolt assist housing). 


Most other RTA's in the 1964 
and 1965 time period proposed small dimensional changes, alternate 


materials, or surface finish modifications. 


Significant among the 
latter were a series of requests in May 1965 to parco-lubrite, instead 


of electrolize, the bolt, ejector, extractor, and extractor pin. 


This was the change from the "shiny" to the "black" bolt, and was 
reported to improve wear resistance and service life of those components. 


In June 1965 the bolt carrier finish was changed from electrolized to 


a chrome-plated interior and a parco-lubrited exterior. Three months 
later the electrolized bolt carrier key was replaced by one chrome- 
plated on the inside and parco-lubrited on all remaining surfaces. 
A further change in the bolt finish wes requested by Colt's in 
January 1966 which initiated shot peening to increase the 
life of the bolt. That request vas rejected until the Lackland 


Air Force Base Test report of Februarv 1966 substantiated the 
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the improvement in bolt life. In this test, increased cyclic 

rate with WC846 ball propellant, and the association of high 
cyclic and malfunction rates, were confirmed.  Colt's previous 
test data had given similar results. The Technical Coordinating 
Committee approved Colt's suggestion that new buffer designs be 
tested. The buffer tests were undertaken at Springfield Armory 
and completed on 13 May 1966. On 4 March 1966 Colt's submitted a 
formal request to change the buffers. The request was approved 

by Springfield Armory on 17 May 1966 and by the Project Manager, 
Rifles оп 6 July 1966. Оп 16 July the contracting officer noti- 
fied Colt's of governaental approval subject to a reduction in the 
contract prices. Rifles utilizing the new buffer design were first 
received from production in December 1966 and a buffer retrofit 
program initiated. 

Оп 12 April 1967 Colt's proposed chrome plating the chamber tc 
increase corrosion resistance and thereby to reduce the tendency 
of the cartridge and burning propellant resicue to stick in the 
chamber, under adverse environmental conditions, and to facilitate 
cleaning the chamber. Approval was granted on 26 May 1967 without 
Army test. The Air Force had reported favorably on its test, at 
Lackland Air Force Base, of six chrome-chambered M16 rifles on 4 
April 1967. Meanwhile, the Army shipped 12 Ml6àls with chrome- 


plated chambers to Vietnam for evaluation. In May 1967, when the 
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Army Weapons Command technical’ team made pts third) visit to Vietnam, 


it could locate only two of these rifles, and no useful informa- 
tion had been collected, or could be obtained, to indicate the 
effectiveness of the chrome-plated chamber in reducing the most 
critical malfunction-failure to extract. Also in May 1967 the 
firing pin was changed to provide for hard chrome plating in lieu 
of electrolizing. This modification was the last in a series of 
modifications, initiated in November 1964 with introduction of a 
stainless steel gas tube, to make the weapon system less suscep- 
tible to accumulation of solid particles of residue (carbon build- 
up) contained in the propellant gases. 

In October 1967, when the Army was obtaining production 
rights and engineering drawings for the M16, Colt's submitted 18 
RIA's to modify drawings for the stated purpose of improving dimen- 
sional control and depicting the parts as they were actually being 


produced. 
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Pending Product Improvements 

As of March 1968 the U.S,. Army Weapons Command and Colt's 
were considering twelve product improvement modifications, which 
had not yet been formally proposed in an RTA. Those modifications 
аге: 
` 1. Buttstock. Change the filler material and provide 


space for storage of the fcur-piece cleaning rod and other cleaning 


equipment, 


2. Magazine. Change the configuration to provide for 
a thirty-round capacity. 

3. Magazine. Develop new plastic materials and a new 
follower assembly to permit issue of disposable, pre-loaded maga- 
zines. 

4. Magazine Spring. Make the spring of stainless steel 


‘to prevent rust and corrosion, thereby increasing magazine life and 
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reliability. | 


5. Upper and Lower Receiver. Shot peen the surfaces to 


provide a more durable finish and to aid in the prevention of 


6. Handguard Slip Ring and Spring. Redesign the slip 


ring to allow easier removal of the handguard and cadmium coat the 


| 
i 
i 
| 
exfoliation and inter-granular corrosion, | 
£ 
! 
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spring, 
7. Ejection Port Cover and Pin. Use stainless steel for 


these parts to prevent rusting. 


* D-13 


resistance- to corrosion and metab fouling: deposits. J41 53) J) 
9. Extractor Spring. Utilize nested springs to 
provide for longer spring life. 


10. Magazine Cover. Utilize a plastic bag or cap cover to 


protect magazines from adverse environments. 


Ї 
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| 8. Barrel. Chrome plate the bore to improve 
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| 11. Rear Sight. Provide for a center index "0". 


12. Charging Handle Latch. Add Delrin to the charging 


handle latch material to prevent wear of the upper receiver. 
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introduction 


The development of the 5.56mm ammunition system started in 1957 


and was essentially derived from the Remington Caliber .222 cart- 


ridge.” In November 1957, the Armalite Division of Fairchild Air- 
craft and Engineering Company invited Remington Arms Company, Inc., 
to cooperate in design and development of a cartridge for use in the 
Armalite АК15 rifle which was then being developed. Most of the 
ammunition produced by Remington until the middle of 1962 was оп а 
commercial basis for the firm of Cooper-MacDonald. 


Cartridge Case 
Initial Military Specifications. 


i The initial military specifications published by the U.S. Air 
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' Force were developed primarily from the commercial specifications 
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i | prepared by Remington Arms, Іпс., and did not provide for metal- 
lurgical control of cartridge case hardness which has been a manda- 
tory requirement for the 7.62mm North Atlantic Treaty Organization 
(NATO) cartridge, Although this problem is currently under study 

? by Frankford Arsenal, mandatory case hardness specifications for 


the M193 5.56mm round have yet to be published. 


Development. 


Testing conducted in 1963, as reporced by the U.S, Air Force, 
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identified cartridge case defects in the form of blown primers and 


| 

i 

| 2 Staff Paper, prepared by Remington Arms Company, Inc., undated, 
B дэрэн sub: Development of Caliber 5.56mm Ammunition. 
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- debulleting, that is separation of , the ‚сазе fyom the bullet upon, 


extraction of an unfired cartridge from the chamber, thus leaving 
the bullet in the bore of the weapon. These defects were the re- 
sult of a differences in chamber configurations between the produc- 
tion rifle chambers and the Remington test barrel chamber which was 
used for ammunition proof testing. The throat angle of the ARIS 
chamber was steeper, and the neck section shorcer, than that of the 
Remington test weapon resulting in ammunition being produced which 
did not properly fit the chamber of the АВ15. Tae modification in 
the Colt chamber had been ordered by Му. Stoner and Remington had 
never been advised of the change. Upon discovery of the differences, 
Colt's and Remington came Ёо an agreement that it would be techni- 
cally more feasible to change the dimensions of the barrel chamber 
than it would be to change the 5.56mm round. Existing weapons were 
retrofitted with new barrels and all new production was converted 
to the original chamber dimensions. 

In October 1964, Frankford Arsenal identified the hardness of 
cartridge cases as a significant factor in rifle functioning and in 
the occurrence of certain malfunctions. Frankford Ársenal, antici- 
pating that problems related to cartridge case hardness would arise, 
initiated action in September 1964 to develop data that would pro- 
vide a backgound and basis of comparison for case hardness measure- 
ments. After developing test procedures, Frankford Arsenal recom- 


mended that they be used for making hardness measurements оп 5.56mm 
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No action to establish metallurgical controls ovec production 
was taken, The Project Manager, Rifles, saw no apparent need 


for such controls in view of the absence of cartridge case ruptures 


with 5.56mm ammunition manufactured to specification. Though some 


ысы M tt 


== 


ruptures had cccurred, they were attributed to other factors such 
as water in the Боге, 


Frankford Arsenal, as a result of its analysis of all data per- 


taining to cartridge case metallurgical data ever an extended period 
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of time, advised the Commanding General, Army Munitions Command in 


a letter dated 24 August 1967 that in order 


.. . То minimize the burden tc industry and to 
assure compatibility of recommended hardness patterns 


with production processes, Frankford Arsenal plans to 
publish its recommended hardness patterns as a guide 
to industry. The GOCO plants (Twin Cities and Lake 
City, Army Ammunition Plants?) will be required to 

make the necessary process adjustments and to commence 
hardness testing of all subsequent ammunition lots. 
The results of these tests will be studied by Frank- 
ford Arsenal and at the end of 6 months, adherence to 
an established hardness will be aided and guided by 
Frankford Arsenal in effecting necessary process modi- 
fications to meet the recommended hardness profile, 3/ ‹ 


Additional testing is now being conducted by the United States 
Army Test and Evaluation Command to determine the effect that hard : 
and soft cases have on ext action frer Vietnam conditiuned (pitted 


or corroded) weapon chambers, 


37 Ltr, Franxford Arsenal to CG, USAMUCOM, 24 Aug 67, sub: Quality 
; Assurance Provisions for 5.56mm Cartridges. 
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` » Primer Sensitivity: эээ. Ээ › driv уэ 
Initial Specifications. 

Specifications established by the Air Force on 24 January 1963 
did not provide for specific limitations on primer sensitivity for 
5.56mm ammunition. 2/ 
Development. 

At the first meeting of the Technical Coordinating Committee 
on 26 March 1963, 7 the Air Force representatives submitted а list 
of reported ammunition deficiencies, which included "high primers" 
and "primers too sensitive", It was agreed that Frankford Arsenal 
would investigate the matter and recommend corrective action. 

One of the mal functions reported by the Air Force was the pre- 
mature firing of cartridges that occurred upon initial charging of 
the weapon. This malfunction was attributed to "high" or protruding 
primers, although the tests did not confirm this theory. Since 
premature firing occurred after bolt-locking, it must have coincided 
in time with the impact of the bolt carrier against the barrel 
extension, The kinetic energy attained by the АК15 "free floating" 
firing pin upon closure of the bolt must be dissipated by such fric- 


tional forces as it encounters in its forward movement, and, finally, 
in impact of the firing pin tip with the primer of the chambered cart- 
ridge.  Frankford Arsenal identified test procedures for measuring 


firing pin energy and recommended that primers be manufactured so 


A MIL-C-9963 (USAF), 24 Jan 63. 


2 Min, Technical Coordination Committee, 26 Mar 63. 
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that the none-to-fire limit should be not less than 16 inch-ounces 
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of energy and the all-to-fire limit be not greater than 64 inch- 


ounces of energy. However, as a result of a subsequent joint study 


conducted by Lackland Air Force Base and Frankford Arsenal, the 


Technical Coordinating Committee on 13-14 August 1963, „ agreed to 


a none-to-fire limit of 12 inch-ounces and an all-to-fire limit of 


48 inch-ounces. 

The Army Staff representative (ACSFOR) withheld concurrence on 
these limits pending further comments from the Army Staff. Оп 17 
September 1963, the Army Staff informed the Prcject Manager that 
the primer sensitivity limits contained in the specifications could 
not be accepted because of the risk of inadvertent fire. " The 
Commanding General, USAMC, stated that the only practical solution 
was to modify the weapon. Consequently, Colt's Inc. developed and 
submitted for test two modifications of the firing pia, а linear 


spring device and a cam pin friction device, to reduce firing pin 

energy on bolt closure. At a Technical Coordinating Committee meeting 
8 

of 10 December 1963, ®/ at which а comparison of all tests done by 


the Army, -Air Force, and Colt's Inc. were made, the committee agreed 


to adopt a modified lighter firing pin, which was used in the cam 


friction device. That recommendation was approved by the Secretary of 


Defense, 23 December 1963. 


6 Staff Paper, prepared by Remington Arms Company, Inc., undated, 
sub: Development of Caliber 5.56mm Ammunition. 


Historical Summary of 5.56mm Cartridge Program From Inception 
Until 30 September 1963, Frankford arsenal. 


Min, Technical Coordinating Committee Meeting, 10 Dec 63. 
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Primer Composition Development Efforts. 

Colt's Inc. first experienced difficulty ‘in 1963 in complying 
with the 6,000 round endurance test for the Air Force contract. 
Specifically, the problem was defined by Colt's as an excessive 
accumulation of fouling on the bolt assembly. Anaiysis of the 
chemical composition of primers by Frankford Arsenal resulted in 
a change in the military specifications on 8 February 1966 to eli- 
minate calcium silicide as an acceptable primer compound because 
its use contributed to excessive carbon buildup (fouling). 

Bullet Design 
Initial Specifications. 

The initial military specification for the cartridge, 5.56mm 
(5.64mm by Air Force designation) 2 stated the cartridge would 
comply with the requirements specified on Remington drawing 62633759. 
Development. 

Bullets of several different shapes have been made by various 
manufacturers at various times for use in early comme)cial ammuni- 
tion for the АК15 rifle. The projectile originally designed for 
the ARL5 was а 55-grain, caliber .223 Remington bullet, with a 9 
degree boatail and a short tangent ogive nose. 

Frankford Arsenal conducted an investigaticn of bullet con- 
figuration in 1963 in order to determine the best design for achiev- 


11/ 
ing aerodynamic stability with maximum lethality. 


CU E e kon, : 
Frankford Arsenal Eighth Memo Rpt, 10 Dec 63, on ARIS Rif le- 
Ammunition System. 
10 MIL-C-9963 (USAF), 24 Jan 63 


. И Frankford Arsenal Third Memo Rpt оп АВ15 Rifle~Anmunition System, 
18 Jun 63. 
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It tested Type A polets, taken from cartridges manufactured by the 
Remington Arms Company, and Type B bullets, taken from a sample pro- 
vided to Frankford Arsenal by the 0.5. Air Force (procured as 
separate components from the firm of Sierra Bullets). The two types 
of bullets showed marked characteristic differences in their соп- 
figurations, The ogival curve of the Type В (Sierra) bullets was 
approximated by an arc of about 7-caliber radius. The overall 
length of the Type А bullets was about 3.28 calibers, Type B bullets 
were slightly longer. After its investigation, Frankford Arsenal 
concluded: 

1. The Type B bullets evaluated in the test had significantly 
better exterior-ballistic prope: tuae had the Type A bullets. 

2. The use of bullets having more favorable аегодулалїс shape 
(such as Type B instead cf Type A) would allow a reduction of 50 fos 
in muzzle velocity, thereby reducing the probability of interior- 
ballistic problems, which might arise in large-scale loading of 
.223 ammunition, and still provide higher impact velocities at 100 
yards and at all greater ranges. 

3. An assessment should be made of the aerodynamic stability 


and the lethality of Type B bullets when fired from barrels of 12- 


inch twist under all anticipated conditions of use. 


12 Frankford Arsenal Third Memo Rpt on ARIS Rifle-Amminition System, 
18 Jun 62. 
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The report was presented by the Frankford Arsenal representa- 
13/ 
tive to the Technical Coordinating Committee 25-26 June 1963.-- 

There is little available documented information on this mat- 
ter for a six-month period following the meeting. 

Оп 26 February 1964, the Project Manager requested the Ballis- 
tic Research Laboratory (BRL) prepare a test plan designed to pro- 
vide data on which to base a decision concerning which type bullet 
to adopt for the M16 rifle: 

The test should include determinations of stability 
factor within expected temperature range, velocity/range 
relationship, maximum ordinate, penetration, barrel ero- 
sion, fouling, smoke and flash, brush deflection, wound- 
ing power (including bullet break-up), accuracy in new 
and worn barrels, effect of muzzle brake compensator and 
any other factors which you determine to be necessary to 
provide a basis for a sound decision.14/ 

On the basis that extensive data was already available for rifle 
bullets, BRL recommended no tests be scheduled to define the per- 
formance of the Sierra configuration bu'let. BRL provided the 

following information in its response to the Project Manager 7 

Sierra bullets have been fired from the АК15 rifle 
with twist rates of 1:12 inch and 1:14 inch in an experi- 


ment to determine the stability factor. А table giving 
comparative stability factors is presented. 


13 Min, Technical Coordinating Committee, 25-26 Jun 63. 


H 
* Ltr, QMCPM-AR15, sub: Evaluation of Sierre Configuration 
cal. .223 Bullet. 


5 
° 1st Ind (AMXBR-WO), 20 Mar 64, to Ltr, (AMCPM-ARI15), 26 
Feb 64, sub: Evaluation of Sierra Configuration cal. .223 Bullet. 
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) Testingiat 2709 Fahrenheit 


Stability Stability 
Projectile Twist Factor Twist Factor 
.223 Remington 1:12 1.60 1:14 1.20 
Sierra 1:12 1.23 1:14 91 


Testing at -65° Fahrenheit 


.223 Remington 1:12 1.20 1:14 .90 
Sierra 1:12 .92 1:14 .68 


ТЕ appears from these data that the Sierra 
bullet when launched from a 1:12 inch twist compares 
quite closely to the .223 Remington when fired from 
а 1:14 inch twist barrel. Іп order for the Sierra 
bullet to perform similar to the .223 Remington when 
fired from a 1:12 inch twist, a barrel twist of 1 
turn in 9.5 inches is required. 


With reference to velocity, BRL provided the foilowing data: 


The difference in velocity between the Sierra 
configuration round and the .223 Remington is about 
200 feet per second at 500 meters if they are fired 
with the same initial velocity. Since the matter of 
most importance is assumed to be wounding power, a 
comparison of conditional probabilities of incapaci- 
tation, assuaing these projectiles at a given velo- 
city are equal in lethality, will provide insight 
into the extent of improvement which could be expected 
with the Sierra bullet. These data are: 


.223 Remington .22 Sierra 


Range (Yards) Velocity PHK Velocity 
0 3,270 .81 3,270 
100 2,894 .76 2,944 
200 2,540 .68 2,633 
300 2,211 .58 2,341 
400 1,903 .50 2,068 
500 1,627 -41 1,814 
23 
„„ -* А 
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> SRL further advised that а, review of data had indicated that there 


would be little increase in lethality if the Sierra bullet were 


chosen. They saw no justification for the concurrent investiga- 


tion of all the aspects of performance defined by the Project Man- 


ager and felt that a small scale effort could be undertaken to 


examine wound bailistics if required. 


Without the benefit of the requested data from BRL the Pro- 


ject Manager's office noted that if the Type B Sierra configuration 


was adopted it would be necessary to (1) implement engineering 


change to twist of barrels from 1 turn in 12 iches to 1 turn in 10 


inches (or such other twist rate as further testing may establish); 


(2) replace barrels on hand in Army and Air Force rifles; (3) re- 


place repair barrels in stock of the Army aad Air Force; (4) re- 


place present stocks of M193 ball ammunition. 


On the basis of this information and the comments by the 


Ballistic kesearch Laboratories, the Project Manager cancelled fur- 


.,16/ 
ther tests оп 7 April 1954.77 АС the present time, after 4 years 


experience in quantity production of standard M193 Ball cartridges 


under existing quality control standards, the difference in lots of 


"ammunition produced by different manufacturers can be determined 


by а comparative visual inspection because of the differences in 


16 24 Ind (AMXBR-WO), 7 Арг 64, to Ltr, АМСРМ-АК15, 26 Feb 
64, sub: Evaluation of Sierra Configuration cal. .223 Bullet. 
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the shape of trus bullet give. These variances in the bullet ogive 
are pronounced enough to lead the Review Panel to believe that 
the aerodynamic characteristics are sufficiently different to 
cause marked differences in down range velocity and thus affect 
accuracy and lethality. 

Propellants 

There are three major commercial propellant producers in the 
United States: =. I. Dupont de Nemcurs and Company, Inc., Hercules 
Powder Company, and Olin Mathieson Chemical Corporation. 

The IMR (improved military rifle) propellants of Dupont are 
single-base (containing no nitroglycerin), extruded (as spaghetti 
is extruded), hollow tubes, which are chopped to lengths suitable 
for measuring and loading into cartridges. IMR propellants have 
been in use for more than 30 years. 

The double-base extruded propellants of Hercules Powder Com- 
pany are similar in shape of grain to the IMR propellants, but 
differ from those in that they contain nitroglycerin as a supple- 
mentary source of energy. Propellants of this type have been in 
use for шсте than 50 years. 

The bali propellants of Olin Mathieson are generally similar 
in chemical composition to extruded double-base propellants, but 


the form of the grain is roughly spherical, hence the name ball 


D-25 


— . ² . , 


CONFIDENTIAL Н 


MOLE REA MAH рн 


propellant. Ball/própellaüts habe Been usàd for about 25 years. 
They have the designation WC for Western Cartridge, an Olin Mathie- 
son subsidiary. The Olin Mathieson process for manufacture >f ball 


- 


propellant ailows for the use of reclaimed nitrocellulose. Thus, 
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obsolete propellant containing nitrocellulose сап be reprocessed 
| rather than discarded, although попе is now being reprocessed. 
The principal difference among propellants of a single manu- 
1 facturer is in the chemical coating which is applied to the surfaces 


of the propellant to control the initial burning rate of the individ- 
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ual propellant grains. Thus, a given plant can easily make several 
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propellants of a similar type, but the manufacture of certain pro- 
pellants -- notably the double-base ones -- requires special facili- 


ties, suc^ as a nitroglycerin processing capability. / 
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The ammunition manufactured by Remington Arms and used by 
. Cooper-MacDonald Company for demonstration and testing of the АК15 


rifle was loaded with IMR 4475 propeliant, A/ 


7 


The technical data package for 5.56mm ammunition developed 


mum 


"ics 


А jointly by the Army and Air Force in 1962 and carly 1963, specified 


| 
| 


the use of IMR 4475, a projectile muzzle velocity of 3250 + 40 feet 
per second, and a maximum chamber pressure of 52,000 pounds per 
square inch (the commercial specifications). These requirements 


were also contained in the 16 August 1963 Request for Proposal (RFP) 


17 Memo Chief of Staff for Secretary of the Army 27 Sep 67, 
sub: M16 Rifle Testing. 


18 Memo Remington Arms Company, Inc., 28 Jul 67, sub: Devel- 
opment of Caliber 5, 36mm Ammunition. 
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for procurement! of ode ан Pion “rounds of Mos ball cartridges. 
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Both Olin Mathieson and Remington Arms, the two eligible bidders, 
took exception to provisions of the technical data package, but at 
the time, there was no objection to the use of IMR 4475 propellant .22/ 
The elements of the technical data package under question were those 
specified by Remington Arms Company as part of a procurement pack- 

age purchased by the Army in conjunction with the 600,000-round 


purchase of ammunition in mid-1963. Remington had declared that 


the spec “‘cations were correct at the time of the 600,000-round 
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purchase; however, Dupont now claimed it could not meet the pressure- 
velocity requirements of the specification for the propellant. 


The Project Manager thought that an alternate propellant should 
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not be developed at the expense of other tasks which he felt were 


20/ 


more urgent, “ and advised the Commanding General, AMC, on 30 Jan- 


Je ta ээн Ви чы. 


uary 1964, of the difficulty the Army was having in obtaining ге- 
sponsive bids for the manufacture of the initial one million rounds 
of the 150 million total rounds required in FY 1964, 21/ 


The'results of the testing of alternate propellants by USAMUCOM 
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determined that the Olin Mathieson WC 846 propellant, and the Dupont 


CR 8136 were both suitable for loading in the 3. 56mm M193 cartridge, 


19 Memo, USAMUCOM, 3 Sep 63, sub: TDP for 5.56mm Cartridges. 


29 Ltr, Frankford Arsenal, 27 Sep 63, sub: Engineering Program 
for 5.56їш (АК15) Ammunition. 


21 Memo, Project Manager 30 Jan 64, sub: FY64 Ammunition Pro- 
‚ Curement Program ХМ16Е1 Rifle. 
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~ | and Dupont's IMR 4475 was gontinued;as jacceptable for existing ç 
contracts.22/ Weapon cyclic rate was not considered in these tests. 


Continued USAMUCOM propellant evaluation conducted by Frank- 


эн нэ А ЧН НН НА ИА АСИ 
ы 7? » 


ford Arsenal was concluded оп 5 May 1966 with a recommendation that 
the Dupont experimental 8208 (soon to be identified as IMR 8208M) 
powder be approved for use in 5.56mm ball (M193) and tracer (M196) 
cartridges, The Frankford Arsenal proposal was approved by the Pro- 
ject Manager on 17 May 1966.23/ 

The two government-owned-commercially-operated (COCO) ammuni- 
tion loading plants at Lake City (LCAAP) and Twin Cities (TCAAP) 
began loading with IMR 8208M during late 1966 and early 1967. The 


initial nineteen propellant lots supplied by Dupont showed little 


improvement over previous IMR propellant types insofar as meeting 
i 


the velocity-chamber pressure specifications. Dupont initiated a 


modification in its propellant process with lot number 20, which 


proved successful in meeting the velocity-chamber pressure require- 


24/ 


ments. 


The evaluation of the Dupont propellants, illustrating the 


velocity-chamber pressure relationships of the three Dupont pro- 


pellants and Olin Mathieson WC 846 ball propellant are shown graph- 


ically on Figure 11-1. The lines through these points represent 


— 


22 


. 23 Ltr, Frankford Arsenal, 5 May 66, sub: Request for Con- 


currence with Ist Ind, Project Manager, 17 May 66. 


MFR, Frankford Arsenal, 11 Dec 64, sub: Cartridge 5. 56mm. 


2^ Memo, ODCSLOG, 22 Mar 67, sub: MI6A1 Rifle Ammuni tion. 
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B the velocity/pressure eradient.for each, of the, propallants, which,; 
is determined by hand loading cartridges with carefully weighted 
charges of each propellant type, and measuring the velocities and 
pressures produced by each handloaded sample. Note that the vel- 
ocity-chamber pressure relationship of the Dupont propellants is 
approaching that of ball propellant. The points piotted on the 
velocity-chamber pressure curves represent the actual velocity 

and pressure levels of machine-loaded ammunition samples. 

During the Weapons Systems Evaluation Group test of the M16 
rifle, which was conducted in Panama in January 1968, it was deter- 
mined that the use of IMR 8208M prcpellant in ball ammunition con- 
tributed to malfunctions. А temporary suspension of loading ball 
cartridges with ТМК 8208M propellant was therefore direcied by the 
Department of Defense. The WSEG Panama test is discussed in Appen- 
dix 6. Additionally, during the conduct of EA / ST on the Xill77E2 


submachine gun it was found that tracer cartridges, loaded with 


WC 846 (ball) propellant, were breaking up in flight. Therefore, I 
the use of WC 846 propellant for loading tracer cartridges was 

suspended in January 1968. At this time, the loader of each type 
ammunition is restricted to one type propellant - ЇМХ for tracer 


cartridges and ball for ball cartridges. А more detailed discussion 


of ammunition development is contained in Appendix 4. 
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Army Test Program 

The Army materiel development system and hence the Army Test 
Program were, during the development and introduction of the M16 
rifle, oriented almost exclusively to Army developed systems. This 
was a satisfactorv system for Army-developed weapons, but was insuf- 
ficient for the smooth introduction of commercially-developed items. 
The Army lacked an overall materiel life cycle system and an integrated 
test program. А detailed examination of small arms test policies and 
procedures is contained in Appendix 1. 

An overall life cycle system, which includes an integrated test 
program, is being initiated; however, further policy, organizational, 
and procedural changes are needed. Regulations currently 
being coordinated make some improvements in the Army Test Program 
with regard to commercially-developed items, but there is much yet 
to be done. 

Objectives of the Test Program 

In the past, the objectives of the Army Test Program were to 

insure that new materiel met the approved materiel requirements; and 


to determine materiel suitability and safety. These objectives were 


so broad at DA level that they provided little meaningful guidance 


to test agencies in the preparation of test plans. however, USAMC 
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narrowed the gap. Consequently, the adverse impact on tests that 
were conducted was lessened but not eliminated, 
Requirements for Testing 

Published directives at all levels required that a Coordinated 
Test Plan be prepared only for the Engineering and Service Tests (ET/ST). 
Virtually no provisions for product improvement, production, or post 
production testing were specified. Although USAMC has recently pro- 
vided additional guidance on required product improvement testing, the 
Situation remains essentially unchanged. It is anticipated that the 
requirements for a Coordinated Test Plan in the new life cycle manage- 
ment system will encompass the necessary requirements for testing at 
the critical points in an item's life cycle. One of the major defi- 
ciencies which previously existed was that insufficient procedures 
were in effect to provide for early, comprehensive feedback on a 
systems performance after its issue to troop units. USAMC now requires 
a representative to accompany a major item to the first units equipped, 
and to remain there a sufficient length of time to provide the 
necessary feedback on system performance and report any shortcomings. 
Responsibilities For Testing 

Within the Department of the Army Staff the responsibility for 
testing was fragmented among DCSOPS (later ACSFOR), DCSLOG, and CRD. 


Continuity was lacking in the life-cycle management. Many testing 
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responsibilities were appropriately given to commodity command com- 

ја pu? vast 4 `x . . * 3 £ 7 ут мэ 5 ` j ~ мэ А 
mandecs and project managers; however, there was no provision for 
coordinated evaluation of test results. In fact, tests were often 
directed by the project manager, and the results submitted to him, 


without anyone above that level having knowledge of the test.  ACSFOR 


has recently been given overall staff responsibility for equipment 


the program remain to be published.  USAMC has also recently strengthened 
i USATECOM' s role in independent testing and in the evaluation of engineer- 


ing, service, product improvement, and confirmatory tests. 


Standards of Testing 


| 
% А 1 қ 3 
Ë | i life cycle management; however, many policies required to initiate 

Н 

| 

| 

1 

р 

; In general, there has been little emphasis on test standards. 

| Sample sizes used in testing certain items and statistical confidence 
in the results obtained, while not reported, have been inadequate, as 
| have the guidance provided for test planning and design. Realizing 
| this, USAMC initiated a "Standards of Testing" Study which was recently 
| completed. Several of the recommended actions have been implemented: 
| 
| a coordinated test plan is mandatory for all items phased with the 
i j life cycle management model; Standard Materiel Test Procedures (MIP's) 
have been updated; more detailed guidance on maintainability and 
reliability testing have been published; training ana orientation 


courses have been established at USATECOM for both supervisory and 


technical personnel from the DA staff and those ajor subordinate 
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22 commands concerned with testing and evalvations; and Coordinated Test 
Plans must now include specific guidance on the sample size to be 
used in the various tests. Improvements in methodology, instrumenta- 
tion, and further improvement in standards are currently being studied. 
The statistical confidence level should be stated explicitly for all 
results obtained. 
Control and Coordination of the Test Programs 
Within USAMC headquarters as well as the DA staff, there has 
been no single staff element responsible for controlling and coordinating 
test actions. These actions have normally been accomplished by routine 
Staff actions handled on a case-by-case basis. Few controls existed 
for evaluation of commercially-developed items to determine military 
worth, or to compare them with on-going RDTE projects.  ACSFOR has now 
been designated as the single staff agency at Department of Army level 
for testing and evaluation in consonance with their responsibility 
for life cycle management; however, changes have not been instituted 
within USAMC, although the problem is under study. 
Distribution and Use of Тев: Reports ! 
Although major test reports, such as Engineering and Service tests, 


were normally distributed to all interested agencies and levels, product 


— Mae at 


р-34 


CONFIDENTIAL 


do Pt daily J da eg 


Ра ` 


improvement test reports were distributed as directed by the commodity 
command or the project manager who requested the tesc. Corrective 
actions on deficiencies revealed were left entirely up to the com- 

' modity command or project manager. The requirement now is that USATECOM 
independently evaluate all product improvements and that all develop- 
mental test reports be furnished Headquarters, Department of Army 
(OCRD), USACDC, and USCONARC for review prior to In Process Reviews 
(IPR's) and System Status Evaluations (SSE's). 

Test Procedures _ 

The engineering and service test procedures previously used over- 
lapped in some cases, Additionally, in many cases oniy one climatic 
condition was used in the test rather than the appropriate spectrum of 
conditions that the item could be expected to encounter. In the case 
of the M16, which was subjected to approximately 250 tests of various 
types, only twice was the weapon tested in a tropic environment, although 
that is the only environment in which it has been used in combat. The 
overlapping sub-tests of the Engineering and Service tests for small 
arms have been eliminated and some imprevement in procedures have been ‘ 
made. One deterrent to the improvement in test procedures has been a 
shortage of military personnel, at the test agencies, with field 


experience in small arms. 
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WEAPON AND AMMUNITION SYSTEM TESTS 


During 1963 and 1964 there was only limited formal testing of 
the AR15 (designated by then the ХМ16Е1) because it was a special 
purpose, limited production item and was carried as excess to 
Army 


rifle requirements. The expanding commitment in Vietnam 


altered the Army position, especially when U.S. troops undertook 
combat missions and requested large issues of the ХМ16Е1, Ву 1965 
the demand for increased firepower left insufficient time to conduct 
a thorough testing and evaluation program, with the result that the 
ХМ16Е1 joined the Vietnam war as the basic infantry rifle with few 
improvements to the 1950 and 1963 prototype versions. On 23 February 
1967 the Army classified the ХМ16ЕІ Standard А and changed its desig- 
nation to М16А1. The engineering test basis for this action was the 
series of tes-s conducted during the 1965-1966 Army Small Arms Weapons 
Systems (SAWS) Study at Development and Proof Services (D&PS) at 
Aberdeen Proving Grounds and at other USATECOM installations. 


Since large scale production began in March 1964, the developmental 


and testing hisotry of the М16А1 has consisted of a series of product 
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item for several years, and of having modifications tested as product 
improvements, the М16А1 has had a confused history of test and 
evaluation. Over 250 tests have been conducted, some related, others 
independent, and some with conflicting results. The objectives and 
methods of the tests and the validity of test data and conclusions 
vary widely among these tests because, for much of the period, the 
М16 received scant attention and then, when it was accepted as the 
United States' rifle for the Vietnam war, there was little біте for 
testing. 

While only portions of the SAWS Study dealt with the XML6EL 
system, the SAWS tests did include major evaluations of the ХМ16Е! 
rifle and the associated 5.56mm M193 ball and M196 tracer cartridges. 
The SAWS Study formed the basis for the 7 November 1966 Chief of Staff 
decision to seek a one-rifle Army inventory based upon the ХМ16Е1 
rifle. 

The only conclusion from the mud subtest drawn in the SAWS 
Engineering Test report was that the dust cover on the XM16El was 
а feature "desirable beyond the nice- to- дне category."  USATECOM 
drew the obvious conclusion about the value of the XML6EL dust cover 
because it helped keep mud and dust out of the weapon mechanism, even 


though the data are not Statistically convincing, mainly because of 


the small sample and high average incidence of stoppages. No comment 
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_.. was made of the performance of other systems under the same environ- 
was made or tne. SE ORO CREE , under, : 


mental conditions. 

Because of the small sample sizes and the variability between 
individual weapons, the results of the engineering environmental 
subtests, such as the mud subtest, can give only an indication of 
weapon performance and, even then, without great assurance. In 
several instances the stoppages of one of the two XMISEI's were 
attributed to the weapon and not the environmental condition in which 
the weapons were tested. In particular, one XMl6El, which previously 
had demonstrated a consistently high rate of failures to eject, was 
used as one half of the Wil EI sample in four of the nine environ- 
mental subtests. However, this rifle was contined in use and the 
malfunctions were reported against the XMI6El in evaluation of the 
environmental test results. 


Results of the SAWS Engineerine Tests 


The data gathered in the adverse conditions subtests were the 
basis for the USATECOM evaluation of the test weapons against the 
USACDC-prescribed performance characteristics and standards. in 


general the criteria prescribed are based on comparative data, such 


as dispersion with the bipod shal! be less than that measured without 
the bipod, and reliability at extreme temperatures shall п.с be less 
than the reliability at ambient temperature. Because cf the small 


sample sizes these criteria cannot be applied meaningful l. The data 


basis for these comparisons is frequently distorted by poor performance 
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of one weapon in the sample, thereby invalidating the comparison itself. 
1015 fact would be dide visible if the statistica: cenfidence levels 
were reported for the resuits obtained. 

А second utilization of the SAWS Engineering Test data was to 
provide a statement of weapon system reliability. The data obtained 
in the reliability subtest were the basis for the USATECOM limited 
evaluation on weapon mechanism performance. The three М14Ё2 automatic 
rifles had .88 stoppages per 1,000 rounds fired, thereby proving the 
reliability of the basic М14-М14Е2 design. The less reliable М4 
performance (4.76 stoppages per 1,000 rounds) was attributed to poor 
quality control. On the other hand, while the Colt automatic rifle 
had 1.38 stoppages per 1,000 rcuads, USATECOM did not conclude in its 
discussion of the reliability test thet the XM15E1 performance 
(20.56 stoppages рек 1,000 rounds) was due to poor quality control. 

The number of stoppages in the engineering subtests were combined 
with the reiiability data from the SAWS Service Test to yield data, 
commonly cited as indicative of rhe comparative reliability of the 
ХМ16Е1 and the M14. One could reasonabiy ask why malfunctions encountered 
in 1,200 rounds in the extreme high temperature subtest should be 
combined with 3,000 rounds in the extreme low temperature subtest or 
20 rounds in the mud subtest without weighting factors to account for 
either the differences in the number of rounds fired or the expecta- 


tion of adverse environments in combat situations. 
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Buffer Tests 

During the SAWS tests the XMI16El was reported to have excessive 
cyclic rates approaching 960 rounds per minute, as compared with the 
design or specification upper limit of 850, and an excessive number 
of malfunctions. At the same time the basically identical Colt 
automatic rifle, using a buffer of new design, was significantly 
more reliable (3.072 stoppages per 1,000 rounds compared with 11.15 
for the ХМІ6ЕІ). The new buffer design had increased mass and 
utilized sliding steel weights, rubber discs, and a polyurethane 
bumper in lieu of nested ring springs to cushion recoil forces. Colt's 
proposed such a buffer for the ХМ16Е1 in January 1966, at which time 
Frankford Arsenal had just completed test firings of 12,000 rounds 
in each of four ХМ165115 and two ARL5's, utilizing the original desi; : 
buffer. The Frankford tests confirmed the higher cyclic and malfunc* : 
rates for ball (WC846) propellant, as compared with IMR (8136) 
propellant, that had been reported in the SAWS tests. In particular. 
failure of the bolt to remain to che vade after the last round 
of the magazine had been fired increased dramatically as a. 
function of cyclic rates in excess of 850 rounds per minute. ЭТТ 
tests had shown reduced cyclic rates with its new buffer design. 


At the 12-13 January 1966 meeting of the inter-service М16/ХМ16Е1 
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Rifle Technical Coordinating Committee, test and 
evaluation of Colt's proposed buffers were assigned to 


Springfield Armory. As a result, in July 1966 USAWECOM adopted the 


— . ا ونت‎ VII 


new buffer design and, in December 1966, the new buffer entered pro- 
duction. USATECOM directed оп 26 June 1967 that a product improve- 
ment test of the redesigned buffer be conducted using the old and new 


buffers with the objectives of comparing cyclic rates of fire and of 


comparing the bolt rebound upon closing (bolt carrier bounce). The 
test, conducted between 7 September 1967 а d 15 January 1968, was the 


most thorough study of buffers for the М16А1, although it came 17 


ANALYSIS OF М16А1 SYSTEM TESTS 


Ап analysis of М16А1 system tests has been conducted, seeking 


i 
| 
| months after the decision to modify the buffer. 
| 
| 
| 
{ 
| 
| 
| 
Ч weaknesses іп test policies and procedures аз they were 


applied to the М16 and areas which need to be given careful сспѕійег- 


ete — + 


ation in view of present and future policies and procedures. The 


n 


purpose of this analysis was to identify, where possible, gaps in 

the test data collected; and tc discuss the validity of the statistical 
desie:. of tests, the test criteria, the significance of test results, 
the adequacy of the follow-on weapon design and reliability data 


analysis, end the consistency of follow-on actions with the test results. 
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With the aid of hindsight, reinforced by reports of malfunction 
problems encountered in Vietnam, it is now easy to see the faults 
in the testing cycle for the M16. A major weakness was in the lack 


of kinematic (time-motion-displacement) analysis of M16 weapon functioning, 


` although kinematic analyses has been conducted on other small arms systems. 


While kinematic analysis should be an integral part of the 
development and introduction of any automatic weapon system char- 
acterized by close tolerances and sensitivity to operating energy 
levels, a thorough kinematic analysis of the М16А1 was not directed 
until January 1968, at which time it was treated as an item of 
highest priority within the U.S. Army Materiel Command, 

А second weakness in the testing of the M16 was that no formal 
or informal (laboratory) work was done toward engineering analysis 
aimed at improved design and functioning of given components. 

The M16 test program not only failed to include some important 
tests but also left a number of tests incomplete in terms of the 
Stated test purpose. The most notable example was the omission of 
сузе rate measurements in the 17 March to 10 April 1964 firings 
for the engineer design test of alternate propellants for use in the 
5.56mm M193 cartridge. This test resulted in approval of WC 846 (ball) 
propellant for loading in 5.56mm ammunition, although it was later 
demonstrated that the use of WC 846 propellant in place of IMF 4475 
or 8136 propellants had a significant effect on the functioning of 
the M16. 
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““Екретіглве? ел т тосеп "ће inadequacy of, the М16:2:65: program’. > ^" 
with respect to environmental testing. No tests other than the 
SAWS troop tests and limited user evaluation in 1962 have been con- 
ducted by the U.S. Army under tropic conditions. On the other hand, 
the M16 has been used in combat exclusively in a tropic environment 
Since its production began in March 1964. 
Statistical Design of Tests 

The problem of statistical design for tests of a rifle and 
ammunition system is essentially two-dimensional. For each individual 
characteristic to be tested, whether а product improved component or 
an environments: factor, there are the two questions of the breadth 
of the rifle sample (the number of rifles) and the depth of the firing 
(the number of rounds fired per rifie). Sample sizes must be statis- 
tically adequate with respect to both the number of rifles and the 
number of rounds fired per rifle. All results should include the 
associated statistical level of confidence. 

The statistical design of tests can be improved by developing 
and analyzing models of malfunction incidence with the object of 
determining the mean number of rounds between the occurrence of a 
given type of malfunction in rifles suffering the malfunctions. Review 
of past M16 tests clearly demonstrates that some rifles are more 


prone to certain malfunctions than are other rifles tested under the 


same conditions. Knowing the frequency with which malfunctions of a 
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rounds that should be fired рег rifle to yield a reasonable degree of 
confidence that malfunction properties will be observed. 


Tests should be conducted under conditions that place great, but 
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tolerable, stress on the system under test. For example, since the 


SAWS Study, USATECOM has sought to determine temperature-humidity 
conditions under which propellant residue fouling most severly inhibits 


reliable weapon functioning. This work resulted in the decision to 
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conduct the 1967 buffer test fouling subtest at 20°F. At other tempera- 
tures fouling, while readily apparent, does not manifest itself as 


severely in malfunctions. Continued evaluation of conditions under 


which the function being tested is most critically affected is required 


So that the М16А1 or any future system can be tested under the most 
severe conditions. Such tests, with subsequently applied engineering 


analysis, can then provide an improvement to the system, but do not 


reflect weapon performance under expected field conditions and there- 


fore are not useful for generating meaningful system reliability data. 


Malfunction Criteria 


The earlier discussion of the SAWS Engineering Test found fault 


with the summation of malfunctions and stoppages across all adverse 


condition tests and for all types of malfunctions. ТЕ would be useful 


— nal 


to have a descriptive model of malfunction behavior under adverse con- 


ditions so that malfunctions could be determined in a reasonable 
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proportion according Ёо the test environment and to their relative 
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effectiveness in combat situations due to weapon malfunction. 
Weapon Design Analvsis 

Small arms system tests must be more than data gathering activities. 
They should, especially the engineering tests, maintain the flexi- 


bility to pursue questions that arise in the conduct of the originally 


Scheduled test series. А good example of such flexibility is the SAWS 
Engineering Test. After encountering frequent incidences of rearward 
movement in the charging latch handle while che rifle was firing, 
D&PS took high-speed movies to analyze the malfunction. its analysis 
led to a change to the rifle design and the introduction of a corrective 
modification. Yet, in the same test series, when one rifle had a 
demonstrated tendency to ejection failures, not only was the cause 
not determined, but also the rifle was continued in use. The engineer- 
ing tests should be dynamic and lead directly to enginee ng analysis 
so that the cause of malfunctions can be identified, and not merely 
their existence or frequency reported. 
The Army and other Defense Agencies have conducted large-scale 
tests of the М16А1 in recent years. All of these tests have recorded 
| reliability data. There are differences in the data due both to 
variances in judgment as to che type and severity of a given mal- 
function and to limitations in some tests which prevented observation 


of each round fired. This was particularly true in the field 7 
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California, where tesi monitors could not interfere with the natural 


flow of the test runs lest the evaluation results be distorted, The 


: Army still has much work to do in improving the methodology, con- 


duct, and evaluation of small arms testing. A more detailed analysis 


of tests is contained in Appendix 2. 


AUDIT TRAIL OF THE CHLEF OF STAFF, ARMY ACTIONS 


Appendix 9 is an audit trail of the Chief of Staff, Ármy 


actions related to the AR15/M16 and the Army rifle program in 


general. Included are the Source, date, and document title; a 


Summary of the document; the Chief of Staff's decisioa or directed 


action in respect to the document; and subsequent actions taken. 
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The AR15 was a surprisingly reliable weapon in the early phase 
of its development in that it outperformed production medels of the 
M14 in the first comparative evaluation in 1958.25/ While the absolute 
malfunction rates for both weapons were unacceptably high, the com- 
parative values, based on the test of four weapons of each type were 
Significant. At this time the АК15 had been under development less 
than a year and the M14 had been under developmental testing for 
approximately 10 years. The AR15's performance impressed many people 
in and out of the Defense Department, and the rifle was later sought 
by the U.S. Air Force as its standard shoulder weapon. Evaluation and 
testing of the ARIS continued through 1962, and the results indicated 
that its reliability, although in need of improvement, was approaching 
that of the M14. The tests conducted during that period show the overall 


malfunction rate of the АК15 to have been 14.3 per 1,000 rounds, as 


compared to the M14 rate of 11.6 per 1,000 rounds. Figure II-2 indi- 
cates the overall malfunction rate of the АК15 (M16A1) from the first 
comparative purposes, is the malfunction rate of the Ml4 where the 


two weapons were subjected to the same tests or evaluations, and the 


rates experienced at Colt's factory during the function firing portion 


of the acceptance tests and the 6,000-round endurance tests. А 


dramatic improvement in the AR15's reliability is shown during 


. 25 USAIB Evaluation Report on the Armalite (AR15), 27 May 58. 
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— OVERALL MALFUNCTION RATES PER 1,000 ROUNDS 


Figure 11-2 
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"ће ,1952-63.conparative. evaluation, of.the.ARLS and, M14, This ; 
greater reliability can be attributed to improvements made in the 
weapon. It should be noted that the improved reliability was achieved 
despite trouble with the magazines anc ammunition (blown primers) 
experienced during the 1962-63 evaluation. 

The period 1963-64 saw an increase in the malfunction rate for 


both the M16 and M14. The increase for the М6 can be attributed 


chiefly to the facc that most of the tests conducted during the period 


were for the purpose of evaluating improvements in che АВ15, including 
firing pin restraining devices, charging handle changes, bolt closure 
devices, magazine catch springs, primer Sensitivity, chamber dimensions, 
magazine designs, and alternate propellants for the 5.56mm round. In 


testing, the prototypes of a product improvement often adversely 


ffected the reliability of the weapon and caused an overall increase 


in the malfunction rate. 


In June 1964 the use of ball propellant in 5.56mm ammunition was 


approved. With ball propellant came increased operating energy, and 
an increase in the cyclic rate of fire and the overall malfunction 
rate. This problem was recognized, and a new buffer (action spring 
guide assembly) was designed, tested, and adopted in Decemrer 1966.26/ 
The new buffer had been under consideration by Colt's for the purpose 
of eliminating carrier bounce and the resulting failures to fire 


26 See Appendix 1 for test procedures, and Appendix 2 for the 
audit trail of М16А1 weapon and ammunition system tests. 
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Т Q 70 7o CUTbECECBE Flight Dlows?by thd firing pin ‘so ‘that, wäer the high cyclic ^^ 
rate was recognized as a problem, the buffer design was modified to 
solve both problems. The new buffer design also eliminated the use 
of ring springs which, possibly due to coincidence, began to freeze 
at the same time that high cyclic rate became a problem. 

In iate 1966, complaints of high malfunction rates uf the MI6Al 
in Vietnam led to a technical assistance team being sent from USAWECOM 
to determine the trouble. One of the recommendations of the team was 
that the chamber of the M16 be chrome plated. The introduction of 
the chrome plated chamber in September 1967 has reduced failures to 


extract and the overall malfunction rate but has increased the rate 


of some types of malfunctions: failure to eject, failure to fire, 


and failure of the bolt to remain to the rear. 

Figures 11-3 through 11-9 indicate the occurrence per 1,000 
rounds of selected malfunctions, and will be discussed individually 
below. It is emphasized that the data displayed in the figures is 


not "hard" data because of the wide range of test conditions, controls, 


: and malfunction reporting procedures used in the various tests and 


evaluations; however, the displays do give an indication of the 
M16Al's reliability over a considerable time and are useful in 


identifying trends. Each figure shows graphically the history of 


the occurrence rate as reported in the various Army, Air Force and 


` . Marine Corps tests conducted. Also shown are the rates experienced 
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at €ole's-plant for; both thes funetions firing; ofsevery riftesproduced,” s~ 
and the 6,000-round endurance firing of one rifle per production lot. 
The malfunction data reported by the Marine Corps in Vietnam is also 
shown. The Marine Corps data is incomplete, and therefore is not 
shown on every figure. The combat reports of the Marine Corps indicate 
that the occurrence rate is lower for all malfunctions, except failure 
to extract, than that experienced in testing. 

Failure of th: bolt to close, Figure 11-3 follows the same 
trend as that of the overall malfunction rate through the end of 1967. 
The resuits of the Panama test in January 1968 indicate an increase, 
rather than a decline, of this malfunction. As has been the case in 
previous tests with troops, many of these malfunctions were caused 
by the soldier "riding the charging handle forward" and thus impeding 
the bolt's forward movement, producing a failure of the bolt to close. 
The Colt's rate indicated a slight decrease in this malfunction during 
1968. This malfunction is not serious and can be corrected by use 
of the bolt closure device. (See FBC in Inclosure 1 to Appendix 6 
for detailed discussion). 


Figure 11-4 indicates the occurrence per 1,000 rounds of failure 


of the bolt to remain to the rear. A significant reduction in this 


malfunction was achieved with the introduction of the new buffer, 


since most ammunition used in tests was loaded with ball propellant 
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at that time. Again the malfunction is not a serious one and 
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slight increase in this malfunction is indicated for the last 
test. The race increased because IMR propellant, which provides 
less operating energy, was used іп M16Al's with the new buffer. 
The Colt's rate indicates little if any change through the years, 
primarily because prior Ес the introduction of the new buffer 
only IMR propellant loaded ammunition was used in Colt's tests 
and because ball propellant loaded ammunition has been used for 
testing almost exclusively since the buffer change in December 
1966. 

Failures to feed declined significantly in tests up through 
the SAWS test period (Figure 11-5) because of improvements in the 
magazines used in the earlier testing, and because of the increased 
operating energy provided by the adoption of ball propellant. The 
rate increased when the new buffer was adopted because of the 
reduction in operating energy, and has shown a decrease since then 
with the use of the chrome plated chamber, which tends to increase 
the operating energy available because of the reduced friction.en- 
countered during extraction. 

Incidence of failure to fire (Figure 11-6) данады цашау 
until early 1964 with improvements in the weapon and its ammunition. 


Upon the adoption of ball propellant, however, the rate. rose sharply 
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because the high cyclic rate of fire induced carrier bounce 

————— resulted-inidliehteblows-of, the fining: pin. , Whenjthe news. 4) в», 

buffer was adopted, the rate again declined ‘sharply. The rate 

has risen slightly since the-incorporation of the chrome chamber, 

probably because of a slight increase in operating force afforded 

by the reduction in friction required for extraction. | 
Failures to eject (Еїгиге 11-7) follow the same pattern as 

the failures to fire, again showing the sensitivity of the М16А1 

to minor variations in operating energy level. This malfunction 

is bothersome, but most of the time can be easily cleared (see 


Inclosure 6-1, Appendix 6). 


ы.” has received the most publicity, is failure to extract (Figure 11-8 ). 


Its history shows an initial decline through 1962, a sharp 


increase during the product improvement tests, 1963-64, and a sharp | 
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The most difficult malfunction to clear, and the one that 
decline after adoption of ball propellant, presumably because of 


upon adoption of the пет buffer, but the rate declines when the 


the increase in operating energy. А slight increase is noticeable 
chrome chamber is introduced. The high incidence rate reported | 


by the Marine Corps can be attributed to two factors: (1) а | 
H 
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failure to extract is more likely to be reported by а man in 


combat because it is often difficult to clear, and (2) the 


VUE SRE Reged 


majority of the weapons in the hands of the Marines when the 
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data were collected did not have chrome plated chambers, and 
` omar; had -pitted- chambers.2// А recent technical inspection of the | 
Marine Corps Ml6Al's revealed that approximately 65 percent of the 
rifles were unserviceable because of pitted chambers. These unser- 
viceable weapons were immediately replaced. It should also be 
noted that the Colt's rate increased steadily until the introduc- 
tion of the chrome chamber, and then drops to zero thus far in 1968. 
The final figure (Figure 11-9) shows the historic rate of all 
other types of malfunctions. The rate fluctuations follow generally 
those of the overall malfunction rate (Figure II-2), but show a 
sharper rate of decrease in the last two years. This is indicative 


of the overall improvement of the М1641' 5 currently being produced. 


Since malfunction rates are considerably higher for rifles 
fired in the automatic mode (see the WSEG test, Appendix 6), and 
the М16А1 is used in the automatic mode one-third of the time in 
88 (see Appendix 7, Vietnam Survey), its malfunction rate may 
never be consistently as low as that of the M14, which is used in 
the semiautomatic mode. (Only Ml4A2's are authorized the selector 
lever.) 

A complete discussion of the М16 reliability is provided in 


Appendix 6. 


27 Reported to the M16 Review Panel verbally by а representa- 
tive of the US Marine Corps during the Panel's Vietnam Survey. Data 
was also confirmed by a representative of Colt's. 
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Figure 11-9 — ALL OTHER М16 MALFUNCTIONS 
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| 
| M16 rifle training can be divided into four time phases beginning 
1 


in November 1963. : | - i 


Phase I: November 1963 - February 1965 : 


During this phase, the rifle was procured by the Army and issued 


to airborne and special forces throughout the Army. Training was 
a unit responsibility; replacement training was not conducted. 


Resident courses of instruction were established for the training 


зїй nearest q ЧЇ Hal tet Anc l. u lanti mn. 


of armorers and ordnance small arms repairmen at Fort Lee, Virginia, 
and at Aberdeen Proving Ground, Maryland, respectively, during 1964. 
Orientation and familiarization training began at the Infantry 
School and at the Special Warfare School and Center. The first 


training publication and first equipment publication were distrib- 


! 
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uted in 1964. Training. ammunition allowances were established 


and ammunition issued for unit basic loads and for unit training. 


Finally, new equipment training was conducted by WECOM. Rifles 


and ammunition were available in sufficient quantities during 
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D 


Phase I to support training. 


Phase II: March 1965 - December 1965 


Simultaneously with the commitment of American combat troops in 


Vietnam in March 1965, the first replacement training was initiated 


for airborne-oriented infantrymen at Fort Gordon, Georgia. 
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the riflemen. The lst Cavalry Division (Aicmobile) was issued 


€ ——=— ated тиви 


M16 rifles during July-August 1965 and this completed the Army's 
planned issue of M16 rifles. With a few minor exceptions rifle 
issues were restricted during Phases I and II to airborne, air- 
mobile, and special forces. Fort Gordon and the 1015: Airborne 
Division reported that they had achieved excellent success in 
training men in marksmanship with the M16 rifle. 

Phase 111: December 1965 - December 1966 


Approval was granted to COMUSMACV in December 1965 to ara 
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maneuver battalions in Vietnam with the М16 rifle. During this 
phase, training was expanded to include the training of non-air- 
borne infantry replacements (new soldiers); this was accomplished 
` at Fort Polk, Louisiana along with the institution of a special 
training program at both Polk and Gordon to prepare new replace- 
ments, particularly for combat in Vietnam. USARPAC requested 
DA to provide M16 rifle training to infantry replacements and 
infantry battalions enroute to Vietnam. DA and CONARC complied 
with this request by prescribing an eight-hour program of 
mechanica! training and marksmanship for infantry officers, en- 


listed men, and for the armor intelligence specialist. This 


program was developed within certain constraints; 1 avail- 


€. 


ability of ammunition, rifles, and treining time. The Air Force 


model rifle vas used, but this was not a significant deterrent to 
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to trainiag. The program was in full execution by 30 June 1966 
and m d POR requirement’ for individusi$ аһа 2 РОМ Хед quiten ent 
for units. Infantrymen who transferred from areas outside CONUS 

to Vietnam were not provided M16 rifle training. Replacement 
riflemen who were undergoing advanced individual training at 

Forts Polk and Gordon received significantly more M16 rifle 
training during their nine-week course of instruction than the 
eight-hour minimum POR-POM program. During Phase III the shortage 
of ammunition and the lack of a blank firing adaptor were signif- 
icant deterrents to adequate training. 

During the latter part of 1966, USARV experienced serious 
malfunction problems with the M16 rifle. Inadequate and insuf- 
ficient training were determined to have caused some of these 
problems. Maintenance specialists from USAWECOM provided in- 
valuable assistance to USARV in correcting these problems. During 
the same period, September - October 1966, DA asked USARV to 
state whether or not there was a need to provide the then current 
M16 rifle training program to individuals enroute to Vietnam 
other than infantrymen and the armor intelligence specialists. 

DA cautioned USARV that if training was to be expanded, M16 rifles 
and ammunition would have to be diverted from scheduled deliveries 
for Vietnam.  USARV replied that requirement did not exist for 


M16 rifle training for men other than those being trained. 
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In November 1966 CONARC decided to increase the quality and 
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quantity of crainidg за Vietnemboriented infantry’ advancéd. 
individual training by issuing rifles од the basis of one per 
man. Special offensive and defensive squad tactical fiting 
ranges were being constructed at this time. Ву 15 April 1967 
rifles had been given to all trainees and all live firing in 
Vietnam-oriented AIT was being performed with M16 rifles. Those 
tactical problems which required blank firing were still being 
executéd with the M14 rifle because of the lack of a blank firing 


adapter for the М16 rifle. 


Phase IV: December 1956 - February 1968 


In December 1966 DA decided to issue the M16 rifle to 211 active 
Army units in USARV or scheduled for deployment to USARV. The 
same month CONARC directed that all replacements through the 
grade of Major would receive the eight-hour minimum M16 rifle 
training as a part of POR or POM training. This directive con- 
stituted a large increase in the number of men who were to receive 
training. 

Significant numbers of men escaped M16 POR training during 
1966 and 1967 primarily because the administrative controls were 
not sufficiently effective during POR processing to identify 
these men and return them for training and because DA directed 
that port calls were not to be delayed to give POR training. 


The problem of POR deficiencies became so acute that UNCONARC, 
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Many factors governed the amount of M16 rifle training provided 


| 
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in November and December 1967, established centralized points at | 

uestem maa Chrekns ta 11a tion for processing joversea replacements. 5 | 
| 

| 

i 


by deploying units during 1966 and 1967. Generally, ammunition 


was the primary limiting factor during 1966. However, in 1967 when 


-— 


training ammunition became more plentiful, available training time 


remained a problem to somé units. For example, the 196th Infantry 


Brigade received M16 rifles only 10 days before deployment; The 


lack of a blank firing adapter significantly limited training during 


1966 and 1967. 

During January - March 1967 DA and USCONARC evaluated M16 
rifle training programs. As a result of this evaluation, existing 
programs were expacded effective April, 1967: 

Provision of adequate traíning time during POR processing НЕЕ 


а problem during 1967 and some installations were still conducting 
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the eight-hour program as lace as December 1967. Graduates of 
schools and training centers were most Seriously affected because 


port call dates are determined from graduation dates, allowing no 
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time for POR training. USCONARC brought this problem to the 


attention of DA in November 1967 and in February 1968 DA granted 
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. USCONARC permission to add three days to training courses to pro- 


vide the required POR training. 


T 
IE о i К 
МИА Дао а мала бадава јод та и 


Hu 


А, 


The Chief of Staff approved a plan in February 1968 to initiate 


M16 rifle training in basic combat training. This was done because 


EI at od 
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of the inherent limitations of POR training, the magnitude of the 

О сүү үй task, and thé éxpéri'éncé gained in Vietnam concerning? 
the performance of the rifle and the state of training of the 

i soldier. 


| The Chief of Staff also approved the conversion of the remainder 


of standard (non-Vietnam oriented) infantry advanced individual 


training to Vietnam-oriented infantry AIT. This is significant | 
because all new soldiers who are to become infantrymen will receive 
thorough and detailed M16 rifle training and will be armed with 


the rifle during their nine-week course of instruction. The 


the effectiveness of this training. Adequate numbers of rifles 
are currently projected for introduction into the training base 


, to permit complete transition to M16 training by May 1969. 
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| ARMY ORGANIZATION FOR MANAGEMENT ОР SMALL ARMS 
i 


1 A summary of organizational structure and management practices in 
| effect during the development, procurement, and product improvement of 
the M16 rifle must, of necessity, review briefly the former Office of 
the Chief of Ordnance (000), Since the OCO was abolished early in 

the life cycle of the М16, a detailed examination of that organization 
was not conducted as an integral part of this review. However, a 
separate study, concerning the impact of the abolishment of the OCO 

on the M16 Rifle program, was conducted concurrently with the develop- 


ment of this report. Pertinent extracts of the analysis portion of 


that study were as Ео110ы8:28/ 


When the offices of all but two of the chiefs of 
technical services, including that of the Chief of 
Ordnance, were abolished in 1962, the Ordnance Corps 
was affected almost entirely et the top level of 
management. . . . At the mid-management level, the 
commodity commands, the Munitions Command and Weapons 
Command, for example, had existed under the Chief of 
Ordnance. They continued to perform the same func- 
tións after reorganization, although in some cases 
they bore other names. Research, engineering, testing, 
evaluation, procurement,and production functions š ` 
involving the М16 rifle system were continued by the 
commodity commands without interruption. . . . The 
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Е commodity commands continued to have a clean, though 
гэ 28 A Staff Study, "Impact of the Abolishment of the Office of the 
эс Chief of Ordnance оп the М16 Rifle Program," April 1968, Office of 
* NN the Assistant Vice Chief of Staff, Army. | 
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eee different, channel to top management,, were held 
Е responsible for the same functions, were delegated 
the same authority, and were allotted approximately 
the same resources. . . . A careful review of the 
former functions of the Office of the Chief of 
М Ordnance affirms that all of them were assigned to 
' appropriate agencies and that none were lost in the 
reorganization. . . . Although it has not been docu- 
mented, it can be hypothesized that control of the 
: М16 rifle program was initially tenuous at the AMC 
: level. At the time in question (July 1962), however, 
; the М6 rifle program was not of such urgency that 
| the few months needed for AMC to become fully opera- 
tional would materially influence the program 
--in August 1966 the Army Audit Agency, in a reevalu- 
ation of the reorganization, noted: 'The extent of 
major systems changes and increased workload since 
the date of the Army reorganization, 1 July 1962, 
(because of Vietnam actions) makes a comparison of 
performance before and after reorganization virtually 
meaningless,' it went on tc say: 'Even greater 
problems might have been experienced under the present 
circumstances if the USAMC complex had not been 
established. ' 
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The study concluded: 


There is no substantial evidence from which to соп- 
clude that the problems experienced with the M16 rifle 
would not have existed or would have been fewer had 
there been a Chief of Ordnance. 
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That study was concurred in by the Vice Chief of Staff with the 
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I аш convinced that the problems related to the 

M16 would have been more severe had there been a 

Chief of Ordnance with his traditional bias against 

any item which was not Ordnance developed. The attached 
record on the M14 development engenders little confi- 
dence in the old Chief of Ordnance management system. 
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The Chief of Staff, Army approved the study and its conclusions, 


and forwarded: it to DDRE on 27 April 1968. 
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practices as they apply to small arms which follows does not include 
discussion of the most recent small arms management effort — the 
Army Small Arms Program (ARSAP), An evaluation of the ARSAP is 
provided below with a detailed discussion at Appendix 10. 

The Department of the Army faces several problems in organizing 
for and managing the development, testing, and improvement of rifle 
Systems. The Department of the Army staff agencies and the USAMC 
staff directorates are organized along functional lines and the 
subordinate USAMC commands are organized along commodity command lines. 
For example, the functions of research and development are represented 
in OCRD at Headquarters, DA, and the function of development is repre- 
sented in the Development Directorate at Headquarters, USAMC; the 
functions of procurement and production are represented in DCSLOG 
at DA, апа in the Procurement and Production Directorate at USAMC. 
Each of these functions are also represented by similar staff elements 
in each of the commodity commands. 

This organizational structure provides flexibility to handle 
technical problems at each level of command but at the same time 


creates several problems: At the Department of the Army and at 
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smoothly through the interface between functionai staff elements; it 
is also difficult to obtain the complete status of any oné system in 
relation to associated systems. At the commodity ПН level, the 
efforts required to develop, test, and improve systems cut oes 
commodity lines and necessitate participation of several commodity 
commands; it is difficult to coordinate the large number of head- 
quarters and staff elements concerned with rifle systems; and the 
organizations responsible for the rifle systems have been dynamic in 
that they have changed in nature over time. | 
The first step that was taken to reduce these problem areas was 
the establishment of a project manager for the AR15 in March 1963. 
The office of the project manager was designed to provide centralized 
technical and business dc for the ARIS rifle system and to 
coordinate and direct the efforts of the large number of diverse 
headquarters and staff elements below the Headquarters, USAMC, level 
that ы concerned with development, testing, and product improvement 
of the ARIS. The project manager was responsible for end given 
authority over the planning, direction, and control of the work and 


allocated resources within USAMC for the research, development, 


procurement, production, and logistical support of the АК15 rifle 
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system. | athe project manager assigned tasks to the commodity command у. 
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Test and НЫ Command, BRL, and the contractor, all of which were 
responsible to the project manager for the accomplishment cf the tasks. 
The nature of the responsibilities of the project manager has changed, 
however, as seven project manager charters have been issued since 1963. 
The Project Manager, Rifles, is now responsible for the project 
management of the М16-М16А1, XM177/XM177El submachine gun, ХМ148 Grenade 
Launcher, alternate rifle systems, Special Purpose Individual Weapon, 
current standard rifles, and accessories and components, to 18810 
ammunition peculiar to these rifles until type classified as Standard A 
and gun/ammunition compatibility after type classification. The 
project manager is now also responsible for planning, directing, and 
controlling the concept definition, development, production and initial 
logistical support of his assigned systems. 

The primary USAMC organizations concerned with rifle systems are 
the U.S, Army Weapons Command, the 0,8, Army Munitions Command, 
Frankford Arsenal, the U.S. Army Test and Evaluation Command and the 
Ballistics Research Laboratories, In order to improve coordination 
of rifle system efforts between these organizations and to facilitate 
technical direction of these efforts, the project manager established 
a field office at Frankford Arsenal in 1967, and ап M16 Steering Com- 
mittee, composed of representatives of these organizations, early 


in 1968. 
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As indicated above, the organizational structure of the Army is 
35 : 2 333:352 3.2 137513 1 3 522292 ЭЛ e, 


БЭЭ! ) 3533: 
one facet of management which also includes the functions of planning, 
controlling and directing. Planning includes requirements for the 
preparation and approval of System Development Plans and Project 
Manager Plans prior to initiation of system development. Control 
techniques include the establishment of requirements (QMR's) and 
priorities; the DA and USAMC regulations and policy 
governing the development, testing, and product improvement of rifle 
systems; the establishment and continuation of programs and budgets 
for the systems; the requirements for periodic reviews of development 
progress, such as in-process reviews; requirements for progress reports; 
and provision for methods of cocrdinating system development, testing, 
and imprcvement among all headquarters concerned with the systems. 
Directing techniques include guidance, contained in regulations and 
policy as well as decisions and directives by DA and USAMC, pro- 
vided at key system development, testing,aad improvement points. Key 
points include the establishment of requirements; the establishment 
and annual continuation of programs and budgets; approval of in-process 
reviews, and type classifications; and approval of product improvements. 
These functions are integrated into the Army organizational structure 
at all Jevels of command. 

Thus, the project manager for rifle systems was established to 
overcome the separation of mission, interest, and physical location of 
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commodi Еу, commands, The project manager vas, assigned executive authority 
for planning, directing, and controlling the development, testing, and 
product improvement of his assigned systems. In the case of the Ml6- 
М16А1 rifle system this responsibility pertained primarily to the 
product improvement and product improvement testing. The project 
manager has found it necessary to augment his organizational structure 
in order to increase his ability to control, direct, and coordinate the 
efforts of the large number of USAMC elements, and to cope with the 
Changing nature of his job. 

At the same time Department of the Army has taken 
Several positive steps to resolve the visibility, interface, and dif- 
fusion problems that are generated when a functionally oriented organi- 
zation manages a system that cuts across functional lines. The two 
most important steps ёге the approval of the recommendations of the 
крон of the Department of the Army Board of Inquiry on the Army 
Logistics System and the establishment of the Army Small Arms Program. 

The first step was the introduction, in 1967, of the concept of 
a disciplined, step-by-step, management model for the life cycle of 
management of all materiel systems. The model describes the 
management processes, their interrelationships, and the ordered 


sequence for the engineering development and operational development 
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transition of a developmental system from one phase of the life сусіе 


to the rest. Overall, the Board of Inquiry integrated the funct: ns 


| 
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of planning, directing, and controlling into the organizatione: frame- 
work of the Department of the Army and displayed the result in the form 
of a management model. ACSFOR was assigned responsibility for coordinat- 
ing and integrating development, deployment, and related support 
activities including responsibility for assuring the accomplishment of 
internal DA activities required for planning, controlling and directing 
the development, production, and support of materiel systems. Thus, 
a framework was approved which provided for centralized DA staff manage 
ment of a weapons system throughout its life cycle, and which should | 
reduce past interface and diffusion problems. 

The second major steh taken by Department of the 
Army was the establishment of the Army Small Arms Program (ARSAP) in 
1968. The program was conceived and developed during 1967 in response 
to the need to provide complete visibility to small arms projects and 


the need to coordinate the efforts of all of the Army organizational 


elements concerned with rifle systems. 


This program assembles in one package all of the 3 
small arms developmental objectives and activities, cur- 
rent and planned, of the various laboratories, subor- 
dinate commards and agencies of USAMC, USACDC, and 
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of each of these efforts, with priorities assigned to 
assist in new budgetary allocations and in reprogram- 

ming within current budgets. It affords far greater 
visibility than has existed in the past at DA level. 

It provides a semi-annual forum for exchange of infor- 
mation (among DA staff elements, major commands and 

their subordinate commands) regarding development prog- 
ress, and for highlighting problems for resolution at 

the various developmental echelons., 
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B Representatives from concerned DA staff agencies, USAMC, USCONARC, 
and USACDC attend the conferences. In addition, the program was pro- 
posed as a separate RDTE and PEMA line item in the Army budget, starting 


with the FY 1970 budget. Overall responsibility for the program was 


small arms projects and should facilitate the control and direction 
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of the diverse Army organizational elements concerned with small arms 


systems. See Appendix 10 for the background of the АКЗАР. 
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Each of these steps and the efforts of the Project Manager, Rifles, 


are designed to reduce rifle system management problems. However, 


! each of the steps has been taken during the 1967 - 1968 time-frame 
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and it will be sometime before the synergistic effects of these steps 
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result in significant improvements in the management of the development, 


testing, and product improvement of small aras. See Appendix 8 for 


a detailed discussion of the Army organizational structure and manage- 
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ment practices. 
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M16 SURVEYS ІМ THE REPUBLIC OF VIETNAM 
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As reliability problems with the №6 continued to be reported 
in 1966, military concern increased and both public and Congressional 
interest was aroused. This concern and interest brought about а 
series of field surveys by various agencies and commands. A summary 
of those surveys follows: 
U.S. Army Weapons Command Surveys 
On 11 October 1966, USARV requested technical assistance in 
support of the M16 from the U.S. Army Weapons Command’ and three 
surveys were made: one from October 1966 to December 1966, another 
in January - February 1967, and the third in April - May 1967. 
October - December 1966 
The first USAWECOM survey team stayed in Vietnam from 
21 October 1966 until 2 December 1966 and was headed by LTC Hertert 
P. Underwood of the Office of the Project Manager, Rifles. While 
the primary purpose of the team was to provide — instruc- 
tion to a nucleus of officers and men from each brigade who would 
then teach their own units, direct support organizations wer2 also 
instructed. The team taught maintenance in every major USARV 


unit except the lst Air Cavalry іуізіоп30/ 


29 но USARV Msg AVHGD MD 29518, 1102062, Oct 66. 


30 The ist Air Cav Div had stated that it was having no trouble with 
the rifle and asked that instruction be given only to the small arms 
shop of its maintenance battalion. 
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The survey team verified the existence of a malfunction 
AUR Stet ete с» E J31)”22 3.2 ^) ысы а; 3232 „ 
problem and supported the findings of а preliminary investigation 
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by concluding that the malfunctions were ргітагі1у due to 


inadequate cleaning, improper lubrication, and the continued 
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use of worn parts. 
The most. common faults observed were: 
i | а. excessive oil on the weapon; 


b. carbon buildup in the chamber, bolt, and bolt 
carrier group; 


с. overloading of magazines with 21 rounds of ammunition; | 


4. oil and grit inside magazines (frequently accompanied 
- by lubricated ammunition); and 


е. failure te replace wora or broken extractors and 
extractor springs. 
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Other deficiencies noted frequently were shortages of technical 


manuals, cleaning equipment, and repair parts, and a general lack 


of knowledge of the M16 among officers and noncommissioned 


officers. Аз a result of the technical team's visit to Vietnam 
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the following actíon was taken: 


Чи 


а. Instruction material оп the care and cleaning of the 
- 3 M16 was published and distributed at company or 
rifleman Їеүе1,25 


b. Emphasis was piaced on the need for adequate сошлапа 
Supervision of maintenance programs. 


31 YSAWECOM ltr, 25 Oct 65, User Care of the M16; USARV Combat Lessons 
Learned, 28 Oct 66, M16 Care and Cleaning; USARV Training Circ 5, 


: 20 Nov 66, USARV Pamphlet 750-5, 14 Dec 66; and extracts from several 
PS magazines. 


32 СОМИЗМАСУ Msg, МАС1%2-М5 46816, 2309112 Oct 66; USARV Msg AVHCD-MD 
. 30677, 1812152 Oct 56. 
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c. New croops were required to receive а minimum of two 
hours M16 mainteaance training during their first week 
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d. Immediate USARV inspection and repair of all Ml6s on 
hand by divisional direct support maintenance teams and 
elements of the lst Logistics Command was directed. 


January - February 1967 


A follow-up of the first survey and instruction visit was 


made by JSAWECOM from 17 January through 20 February 1967, but 


no trip report, after action report, or other memoranda exist; 


ТӨЛ? 


therefore no comment on this survey can be made. 
April - May 1967 


: Оп 17 April 1967 НО USARV requested technical assistance 
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with the ХМ148 grenade launcher. The technical team sent in 
response to this request was in Vietnam during the period 27 April 


through 18 May 1967. The primary purpose of the survey was to 
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evaluate and correct problers with the XM148 grenade launcher, 


One 


but the team also examined large numbers of M16 rifles in the 


hands of troops to determine the status of maintenance, the 
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ж availability of cleaning materials, and the condition of rifle 


5 barrels and chambers. 


T The survey team concluded that rifle maintenance and the 


availability of cleaning materials had improved considerably and 
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that the major remaining problem was deterioration of rifle 


. barrels caused by chamber pitting and the accumulation of copper 


fouling. It estimated that epproximately 10 percent of the М165 
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То reduce the rate of barrel deterioration, the’ team recommended 


speeding up deliveries of the recently adopted improved lubricant 


(MIL-L-4600A) LSA, and chrome plating the rifle chambers. 


х Congressional Survey 
+ 


On 3 May 1967 the House Commictee on Armed Services appointed 
a special subcommittee to inquire into the M16 rifle program, 
naming Congressman Richard H. Ichord chairman. During their 
ЕТА the subcommittee visited Vietnam from 3 to 10 June 
1967. After briefings at both Headquarters МАСУ and Headqverters 
USARV, they visited the two Marine divisions and elements of five 
Army divisions. While in the field they interviewed commanders, 
logistical support and training personnel, and soldiers and marines 

. who had used the M16 in combat. 

No official report on this survey was published; the findings 
which follow are based upon observations by COL Crossman and the 
team escort, COL Paul B. Henley. 

a. At least 50 percent of the men interviewed had 
encountered serious malfunctions with the М16, most 
of them failures to extract. . 

b. The bolt closure device was used frequently enough 
to justify the Army's insistance upon this product 


improvement. 


с. Extractors and extractor springs required replacement 
fairly often. 


d. While there was no general shortage of cleaning and 
preserving equipment, many individuals were short of 
the critical cleaning rod and chamber brush. 
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е. Approximately 50 percent of the men preferred the M14. 


эз a» эса Most -of the men who wanted, the M14 felt: that; it wasta a 


more reliable rifle and were concerned about the М16'5 
possible malfunctions in combat. 


f. Many cases of a stuck or jammed selector lever were 
reported. 


It was not possible to correlate the kind of lubricant or method of 


lubrication with malfunctions, nor was such correlation possibie 
with ammunition of a particular type or make. 

COL Crossman recommended to Congressman Ichord that an 
immediate investigation be conducted of ammunition design and 
manufacture, rifle design and manufacture, and maintenance in the 
field to determine the cause and cure for failures to extract. 

Office of the Ássistant Secretary of Defense Survey 

The Directorate for Inspection Services (DINS), Office of the 
Assistant Secretary of Defense (Administration), conducted a field 
survey in Vietnam from 22 August tc 6 September 1967 to examine 
the performance of the М16 rifle. Findings were to be compared 
with a technical evaluation of the M16 already completed by the 


Director of Defense Research and Engineering, who would then sub- 


mit to the Deputy Secretary of Defense a final report stating whether 


any major deficiencies existed in the weapon and recommending 
corrective action accordingly. 

The survey team used a questionnaire which was completed by 
1,585 men armed with the M16. The following is an extract of 


their findings: 
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The interview of individual riflemen in South Vietnam 


AN a таз ахалж disclosed that compliance, with МАСК, training. directives. 
-. ” 


had'not been achieved to the desired degree. This was 
caused by some failure to communicate the training direc- 
tives issued Бу MACV and major subordinate commands to 
the operating units. There was also some failure in the 
chain of command to follow up the directives in order to 
achieve compliance. 


The principal direct cause of the stoppages of the M16 
rifle in South Vietnam has been the failure to extract 
the spent case. In turn, this is caused by dirty or 

corroded cartridges and improperly maintained chambers. 


Adequate, regularly conducted inspections of the M16 
rifle were not being accomplished in many units. In 
the majority of units the inspection of magazines and 
ammunition on a regular basis was rarely accomplished, 


There are no major problems being éxperienced in the 
field with the M16 rifle at this time that have not 
been identified and for which corrective action had | 
not been instituted. There are minor problems remain- 
ing which are within the purview of the product im- 
provement program for the weapon. 


The general performance of the M16 rifle had been 
satisfactory in Vietnam. Since June 1967 it has 
improved steadily as a result of increased training 
and discipline of the rifleman in the care, cleauing, 
and maintenance of the weapon. 


Office of the Chief or Staff Survey 


Early in November of 1967 the Chief of Staff, Army directed 


an intensive review cf the entire M16 rifle program. Оп 8 November 


the M16 Rifle Review Panel was convened within the Office of the 


Assistant Vice Chief of Staff and instructed to prepare a compre- 


hensive history and evaluation of the M16 program, recommending 


further action as required. This panel conducted a field survey 


of men armed with the M16 rifle in Vietnam from 24 January through 


5 February 1968 as a part of its review. 
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| All major Army units іп USARV and one Marine division were 
| included іп the survey sample. Two means were used to coliect 
data: personal interviews, and a questionnaire. 
The survey indicated that the М16 rifle system was suitable 
for the war in Vietnam. Particularly desirable qualities were 
its high rate of lethal fire and light weight. However, failures 
to extract were still occurring with enough frequency to reduce 
confidence in the М16, Although men generally preferred to carry 
this weapon in combat, some misgivings were entertained about 


its reliability. Introduction of the chromed chamber eppeared to 


reduce the number of failures to extract, but this improvement had 


О b 


not been fielded long enough to permic adequate evaluation. Addi- 
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B tional data collected indicated that: 
5 their ammunition. which is contrary to all published 
directives. Ч 


b. The buffer retrofit program had not been completed. 
(16% of the personnel questioned reported по new 


| : а. Approximately 23% of the personnel were lubricating 
| buffers). 


` 


c. Approximately 28% of the over 2,000 personnel questioned 
had not received Ml6 training after arrival in Vietnam 
and 24% reported receiving no М16 training before ` 
arrival in Vietnam, 
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Approximately 10% of the personnel had never zeroed 
* their weapon and, another: 33% had not zeroed within. 
the previous three months. 


. 
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187 of the personnel reported that their units did 
not test fire weapons. 
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Е. Although the rifles аге cleaned almost daily, the 
magazines and ammunition are cleaned on the average ; 
only once a week. 
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g. Adequate supplies of cleaning materials are available í 
in theater; however, shortages do exist at unit level 
from time to time because of distribution problems. 
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ТЕ should be noted that many of the maintenance, training, and 


supply problems found by the previous surveys still existed. 
The detailed discussion of the field survey is at Appendix 


7, which has been published separately and distributed to the 
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Introduction 


On 26 January 1968 the Assistant Chief of Staff for Force 
Development (ACSFOR) published the Army Small Arms Program (ARSAP) -- 
a comprehensive document detailing, with funding and priority citation, 
nearly 50 tasks to meet the Army requirements for small arms in the 
immediate, mid-, and long-range time frames and to establish a manage- 
ment structure to provide for coherent execution of the multi-phased, 
multi-faceted program. This publication was the formal response 
to an October 1966 Chief of Staff decision to draw together 
under unified management the various activities of small arms develop- 
ment. The decision, in turn, was an outgrowth of several years of 
study and analysis of small arms development in the U.S. Army. The 
purpose of the program was to assure that the U.S. Army would 
have the necessary small arms weapon systems at the time they were 
needed, One of the key points of the small arms program is that it 
is not a rigid, final work plan, but rather an assemblage of tentative 
tasks and efforts always amenable to redirection, expansion, restric- 
tion, and execution in order to provide the data, technology, and 
systems when and where needed and to ensure that at each step the 


necessary fundamental work has already been accomplished. 


5, 


Background 


Small Arms in July)and August 1964 3.05 °) у зу 4 2); *^ 9%, 
On 7 July 1964 the Under Secretary of the Army wrote the 


Chief of Staff that he and the Secretary would like to review 
the Army's rifle program with particular emphasis on two questions: 

a. If it became necessary in the near term to place new 
orders, would we resume M14 production, increase M16 
production, or some combination of the two? 

b. What is the status of current planning for the SPIW 
(Special Purpose Individual Weapon)? To what extent 
are we considering other weapons such as the M16 with 
its available attachments or the Stoner system, in 
lieu of the SPIW? 

The Army Staff recommended that if procurement of rifles were 
authorized in the immediate future the Army should resume produc- 
tion of Ml4s rather than M16 production or a combination of M14 and 
M16 production. The Staff response to the second of the Secretary's 
questions was that the SPIW would be the standard individual weapon 
to replace the current rifles provided that the forthcoming evalu- 


ation of the program resulted in approval of a SPIW weapon. Та 


the meantime the Army was continuing to examine several small caliber 


——f . Ä — . — . — 8wĩ—.— 
i . 


; rifles as possible standard replacements for the then standard М14. 
The SPIW development schedule was reported to the Secretary 
of the Army on 18 August 1964: 


December 1965 Туре classification of the 
Selected weapon 


January - June 1966 Pilot line production 
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June - December 1966 Troop tests with the first 
2 3313 › > 3.5 ` Хћод5апа Зеаройз 23? ал جه‎ 


January - June 1967 Initiation of large scale 
procurement 


Throughout 1964 and 1965 SPIW had the dominant role as the 
successor small arm. The failure of SPIW to meet the development 
schedule was a significant factor in the decision to initiate an 


explicitly articulated small arms program. 


Prelude to the SANS Study 


In response to the briefing on 18 August 1964, the Secretary 
of the Army directed that a study be prepared to support 
a proposal to the Secretary of Defense that MIA rifle procurement 
be resumed. Chief of staff Memorandum (CSM) 64-341 relayed this 
requirement to DCSLOG and ACSFOR on 21 August stating that a case 
should be made fcr resumption of limited production using one 
production facility and citing the advantages to be gained in terms 
of readiness and cost, and the renewed availability of Ml rifles 
for Military Assistant Program (MAP). 

On 12 August 1964 the Commanding General, US Army Materiel 
Command (USAMC) informed the Chief of Research and Development 
(CRD) that in his view the type classification date fer the- SPIW 
would slip from December 1965 to January 1967. He based his 
opinion upon the most recent performance of the test prototype 
weapons, which had indicated a high malfunction rate and an 


unacceptably high noise level, and upon the yet unfulfilled need 
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for a workable muzzle brake. The Chief of Staff was so informed 
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In November 1964 а DCSLOG study of M14 rifle procurement 
concluded that, as a minimum, procurement of M14 rifles was 


necessary to fill the expected deficit at the end of fiscal year 
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1970 and to initiate a commercial hot base. Іп the event of 
further slippage in the schedule of the SPIW, procurement of M14 
rifles to equip the Selected Reserve might become necessary. 


DCSLOG recommended approval of procurement of 100,000 M14 rifles 


in the FY 1966 budget. | 


On 6 November the Deputy Director of Defense Research and i 
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Engineering (DDRE) expressed to the Chief of Staff the Department 


— 


of Defense's view that the Army vas resistant to the Stoner 
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weapons family, had a closed mind about it, and had been dragging 
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its feet with respect to the system. 
On 10 November 1964 the Chief of Research and Development 


acknowledged that the "not invented here" (NIH) problem was a 


— pn ph uu hit а 


real one and was recognized as such by the Army Staff. However, 


мей 


іс was his expressed opinion, despite allegation and inference 
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гі 


to the contrary, that NIH was not the real reason behind either the 
Army's position or actions with regard to the Stoner and ARIS 
rifle systems. 

Because the Secretary of the Army was to be briefed on the 


. : Stoner weapon system by the Marine Corps on 12 November and 
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because of recent activity concerning the Army's small arms 
No -А eom л гээ» 2.2 э > Азаа а oC a v^. > SM Я x * 8 
N Зав 2 у 772. 5 y? уу алау зз, ADAYA А5) у) “4 


weapon program, the Chief of Staff wrote the Secretary on 11 
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November: 


I believe that we can and should completely re-evaluate 

. our small arms weapons program, starting with a review of 
doctrine. Our posture is such that we can afford to take E 
this action over the next year or two with a minimal risk. НЕ 
Only Бу such a deliberate and thorough approach will I ђе 
confident that our small arms weapons program reaching into 
the 70's will be on firm footing. I am hopeful that the 
Marine Corps will subscribe to this approach, will monitor 
our efforts as they habitually do, and will not attempt to 
precipitate an early decision which could prejudice the 
future combat effectiveness of both the Army and the Marine 

Corps. General Greene has given me oral assurance that he 

- does not intend to pursue a course that diverges from that 

of the Army at this point. 


л 


The SAWS Study 


The complete re-evaluation of the Army small arms program 


that the Chief of Staff, Army recommended was formalized the next 
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day. CSM 64-484 directed the Army Staff to initiate а review and 


evaluation of the Army Small Arms Weapon Systems (SAWS), to in- 


clude study of doctrinal employment and desired characteristics, 


. test and evaluation of existing weapon systems, and analytical 


evaluation of weapons under development or feasible within the 


time frame, 1965-1980. The object was to develop the necessary 


analytical background upon which to base a program for replacement 


of existing stocks of small arms as the inventory dropped below 


requirements, or replacement of the inventory with weapon families 


of demonstrated superiority over all other families. 
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| Army Staff responsibility was assigned to ACSFOR, whose 
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first task vas publication df а“ detailed üiréctivé (CSM 64-555). | у 


| The Small Arms Weapon Systems (SAWS) Study was conducted 

| by USACDC with the assistance of USAMC, USCONARC, and major 

| oversea commands. Overall responsibility for conduct of the 
study was assigned to the U.S. Army Combat DEVEYE a 


Infantry Agency (USACDCIA) at Fort Benning, Georgia. USACDCIA 


tasked appropriate agencies for the following: 


Test and Evaluation Command (USATECOM). 


b. Troop Tests: USCONARC; United States Army, Europe; 


United States Army, Pacific; United States Army, 
Southern Command; and United States Army, Alaska. 


! 


i 

H 

i 

| 
| а. Engineering and Service Tests, United States Army 
| 

| 


с. Field Experimentation, United States Army Combat 
Developments Command Experimentation Center. 


i 
| 4. Computer Simulation of SAWS, Combined Arms Research 
i Office (CARO). 


| e. Weapon Systems Data, Ballistics Research Laboratories. 


Г Е. Procurement and Cost Data, USAWECOM. 


О ТОР ШЫЛ шік 


Consistent with the directive to consider hardware and proto- 


type weapon systems and feasible designs for such systems, 


USACDCIA conducted hardware (engineering aad service test) 

evaluations on the ХМ16Е1, Stoner, Armalite AR18, and Harrington 
and Richardson caliber .223 rifles; the Colt and Stoner automatic 
rifles; the Colt submachine gun. (now designated the ХМ177Е1), the 


Stoner carbine; the Stoner, M60 and M73 machine guns; and the Ml4 


and MI4E2 rifles. Computer and parameter design analysis 


D-90 


CONFIDENTIAL 


| 


e зечичетиитрртиенаннонианнннон 
] 


evaluated the Springfield Armory and AAI SPIW and universal 
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machinegun (UMG) systems; the 13mm and 20mm Gyrojet systems; 


— 


the AVROC 5-20, 8-20, and 25-40 systems; and parametrically 
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designed 0.65 lb-sec, 1.2 lb-sec, and 2.6 lb-sec impulse weapon 
systems. 


USACDCIA developed its study recommendations by placing 


primary reliance on the CARO computer simulation, the assumed 
availability of SPIW in 1970, the 1965 Army Materiel Plan (AMP) 


assets-requirements balance, and a concept of "selective moderni- | 
+ 


zation." The policy of selective modernization envisages re- 


placing one-third of the total small arms inventory every seven 


years, with priority for allocation of new weapons going to combat 
maneuver units. The principal USACDCIA recommendations of the 


SAWS Study were: 


1 
ва ач — — алд . 1 


а. Procure mo additional rifles beyond those ХМ16Е1 
rifies currently on order until SPIW becomes available 
in 1970. 


b. Initiate a program of selective modernization by pro- 
curing SPIW, when available, in sufficient quantities 
to replace rifles, automatic rifles, and grenade 
launchers for infantry maneuver units only (approxi- 

š ? 192,000). 


с. Retain the M60 as the future infantry machine gun 
until the universal machine gun is developed, atout 
1972. 


4. Improve the effectiveness of SPIW in the automatic 
rifle role or adopt the UMG with a bipod mount to 
this role. 
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e. Continue development of the ИМС to make it at least 

"^^ "ag effective as the M60, while preserving the'weignt- "` 
saving of the current conceptual UMG design, and then 
in 1972 replace all machine guns vith the UMG. 


f. Inititiate and fund a vigorous research and development 
program for the purpcse of (a) developing caseless 
ammunition by 1976 with improved projectiles for use 
in a redesigned SPIW with a further improved area fire 
capability; and (b) discovering or developing a new 
lethal mechanism permitting design of radically 
different small arms systems. 
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5. Іп 1976 continue the program of selective modernization 
by procuring 500,000 SPIW redesigned to utilize caseless 
ammunition. About half of these would have the area 
fire capability and half would not. 


Behind these recommendations was the substantive conclusion 


that among weapons currently in the inventory the 5.56rm weapons 


were better for use in low intensity warfare,such as that encoun- 


tered in Vietnam, whereas the 7.62mn weapons were more effective 
in high or mid-intensity warfare, such as that which would be 
encountered in Europe. This conclusion was mainly derived from 
the computer simulation. 

A study review by Headquarters, USACDC modified the 


USACDCIA study recommendations in several instances. 
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Rifle Procurement. An increase in stockage objectives 
or significant decrease in assets by combat loss or 
wear-out, requiring an additional buy cf rifles before 
1970, should be satisfied by purchase of ХМ16Е1 weapons. 
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Adoption of SPIW. Final decision to adopt and field 

SPIW must be contingent upon resuits of further experiments 
and tests. ТЕ is understood that some difficulty is being 
experienced in current SPIN comparative evaluation testing 
by the US Army Materiel Command. To be acceptable, SPIW 
should essentially equal the theoretical capabilities used 
in this study. 
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1966 and reviewed by the Staff and by the Force Planning and 
Analysis Office (FPAO) within the Office of the Chief of Staff, 
Army. 

While the SAWS Study had provided much needed information 
and a sound basis for some decisions on current small arms weapon 
alternatives, review of the SAWS Study revealed that (1) there 
were gaps in the Army's basic knowledge on small arms which could 
be remedied by additional fundamental work; (2) the Amy research 
and development effort to provide successor small arms weapons 
needed to be broadened, to be continuous, and to be deliberate; 
and (3) a better interface between USAMC and USACDC at the 
technical and systems management levels was required. 

The SAWS Study amassed large quantities of data, most of 
which were left unanalyzed or only partially analyzed. While 
providing much valuable information on which significant deci- 
sions could be based, the SAWS Study did not develop the necessary 
analytical background upon which to base a program for 
replacement of existing stocks of small arms, or for tne 


introduction of weapon families of demonstrated superiority, 


nas submitted ,to;the:Army Staff h, September 2 
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based upon cost-effectiveness considerations, in the time- 
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frame ир to 1980. The Study did not provide an evolutionary 
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program for small arms oriented toward improvement of current 


— ач 


| systems and development of new systems against future requirements; 
improved evaluation criteria and methods, or continued collection 


of more complete analytical data upon which’ to base future 


| decisions. SAWS was a first effort in this direction and left 


the next step in the development of the Army Small Arms Program і 


— 


to subsequent action. 
„Тће Chief of Staff's Decision on the SAWS Study 
In October 1966 the Chief of Staff reviewed the USACDC 
SAWS Study, the DA Staff position, and the FPAO review and ! 
evaluation. The Chief of Staff's decisions were discussed with 


. Staff principals on the 26th of October and were formalized in 
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; two memoranda -- CSM 66-485, published 7 November 1966, and CSM 


67-96, published 8 March 1967. 


CSM 66-485, containing the immediate time-frame directives, 


The ХМ16Е1 rifle will be adopted as the standard Army 
rifle and will be reclassified as Standard A. The M14 and 
МЕДА] rifles will remain Standard A initially. The Authorized 
Acquisition Objective (AAO) for rifles and automatic rifles 


will be computed on the ХМ16Е1, rather than on the M14 and 
М14А1, 
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The development cycle of the SPIW will be reoriented to 
the status of exploratory development and become a part of a 


broadened small arms research and development program for 
the future. 


` 


0-94 


CONFIDENTIAL 


асы 


* — 


3 3 : 
п а 
сын E MR 


4 
1 
TET 


ETT TET 


| The overall procurement objective is а single-family 

Ч .. [rather than а multisfamily) small arms weapon inventory , à 
| . based on the Colt 5.56mm individual weapons aud, for the 1 
| present, the M60 machinegun; and the first objective will be 1 
. to eliminate at an early date the caliber .30 family of 


infantry weapons. 


) Product improvement . . . will be incorporated in the 1 
new production of ХМ16Е1 rifles and 5.56mm ammunition. 
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The purpose of CSM 67-96 was to provide guidance for the 
formal establishment of the Army Small Arms Program and for future 
small arms weapon development. CSM 67-96 called for: 


Improvement in design and performance of the Army’s 
current small arms system, within existing technology, to 
increase effectiveness. 


Continuous investigations and/or development of new 
techniques, machines, procedures, and/or materials which 
will provide a reduction in the unit cost of small arms 
ammunitien and grenades, 


Studies, field experimentations, tests, and evaluation | 

to establish, validate, or develop small arms data, doctrine, i 

or concepts which are required to improve effectiveness cr 

| utilization of current small arms systems and to provide а 
more valid basis for the development of new systems. 
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Research and development effort designed to identify 
new approaches or lethal mechanisms which cculd be more 
effective than conventional approaches in fulfilling the 
role of small arms systems. 


The Army Small Arms Program 


On 26 January 1968 the Assistant Chief of Staff for Force 
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Development wrote the Army Staff, USAMC, USACDC, and USCONARC: 
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. + + the Army Small Arms Program... is hereby 
established as a means to direct and coordinate the research, 
development, and product improvement efforts of the Army in 


. the small arms area, аз well аз investigative efforts аз to 
: qualitative requirements for small arms weapons or weapon 
E= features, and to provide a coordinated system of priorities 
2 of effort with corresponding budgetary allocations and planning 


figures. ... ` 
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The Army Small Arms Program (ARSAP) coordinates by means of 
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periodic conferences and compi liation of task resumes, the research 


and development, procurement, and product improvement of all small 
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arms, caliber .60 or smsller, shotguns, алд infentry grenade launchers. 


Assessment of the Army Small Arms Program 


With the promulgation of the Army Small Arms Program (ARSAP), 
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the Army has established a formal, integrated, and thorough program 
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to direct and coordinate the resea- ch, development, procurement, 
and product improvement of small arms weapon systems, The program 
is established, but, like other programs, will not eliminate nor 
solve future probiems until it becomes truly viable in each command 


and at each echelon, which of necessity requires time. 


Orientation 


The basic philosophy underlying the ARSAP is that weapon develop- 
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ment must be a continual effort. Weaponry state-of-the-art makes 
moderate advances and, only rarely, can significant technological 
break-throughs be accompiished. To be prepared to meet threat 


contingencies and to explcit technological developments as they occur, 
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the U.S. Army must continually monitor technical improvements for its 


weapon systems, At the same time, effective weapon systems must be 


in the hands of the troops. Such systems represent the successful 
integration of various component parts, each fully developed to the 


point of production, not just engineering prototypes. 
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Тһе ARSAP approache: his requirement, in practical terms, by 
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specifying tasks for 


ishment with respect to short-, mid-, 
and long-range time frames, where the short-range time period is 

the immediate prese..t sni the long-range is ten to twenty vears into 
the future. Such an expression of time-frame-oriented objectives 
allows for the smooth transition from long-range to short-range ob- 
jective of a given task with the passage of time. Overlapping the 
kisa pasu orientation ís a group of tasks called continuous objec- 
tives directed toward continuing exploratory development o£ weapon 
system components, small arms systems analysis, and evaluation of 
requirements statements and doctrine, 

Of fundamental importance, as evidenced by the inter-related 
history of the SPIW and the М16А1 programs, is the absolute necessity 
to maintain the time-frame flexibility represented by the initial 
version of the Army Small Arms Program. No future development should 
look so tempting that the Army fixes solely, or even primarily, on 
it to the detriment of the development of other systems or concepts. 
Similarly, the ARSAP must not become geared to arbitrary conceptuli- 
zation of target dates (such as the Army in 1975 or 1985) for the in- 
troduction of future systems. The expression of its objectives must 
remain dynamic. 

Management 
Management represents the principal problem area in the Army 


Small Aras Program. Basically, the program is managed by funding 
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problems of management continuity and funding priority. The stated 


scope of ARSAP uses the phase "manages, by means of periodic confer- 
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ences." However, in the absence of daily, direct line authority, it 
would be more appropriate to use the term "cocrdinates." The periodic 
conferences provide for user and developer interface, allocation of 
funding priorities, ссогбіпабіоп of development efforts, and ident if i- 


cation of required research activity. A detailed discussion of the 


Army Small Arms Program (ARSAP) is at Appendix 10. 
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Е. Conclusions 
Conclusions drawn which either result in specific recommen- 


dations or relate directly to historical findings of recurring 
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interest are contained in this section. In each case, parentheti- 
cal notation following the conclusion indexes the location of 
its justification. Other conclusions which bear on a small 
facet of a large problem or are historical only and warrant no 
further action are included in the technical appendicies. 
Procurement, Production,and Distribution 

1. The procurement of the М16 rifle has been discontinuous 
and uncoordinated because of the lack of a definitive rifle program. 
(Appendix 5, pages 5-1 through 5-44.) 

2. The introduction of the М16 rifle and ammunition into 
the inventory in sizable quantities prior to type classification 
contributed to the quality assurance problems that were experienced. 
(Appendix 5, page 5-55.) 

3. There have been no significant production problems with 
the rifle except for discrepancies in quality control. (Appendix 
5, page 5-64.) 

4. The production of ammunition has been delayed on several 
occasions by the inability of producers to uet the specifications 


and material shortages. (Appendix 5, pages 5-8, 5-14 through 5-20, 


5-34 and 5-35.) 
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5. Expansion of the ammunition production base generated 
a requirement for more stringent control measures (Appendix 5, 
page 5-35). 

6. Negotiations for proprietary rights extended over an 
excessively long (from 1963 to 1967) period of time primarily 
due to the Army's changing requirement for rifles. The delay 
in final negotiations was further aggravated by a lack of 
understanding by Colt's and the Army of the requirement for 
rights to the XM177 submachine gun. (Appendix 5, pages 5-1 
through 5-44 and 5-53.) 

7. After the first 100,000 weapons are produced, very little 
reduction in unit price is experienced in the small хээг manu- 
facturing industry, including automated production. The learning 
curve is approximately ninety-eight percent. (Appendix 5, page 
5-87 and 5-89.) 

8. The establishment of multiple sources for M16 production 
is not economically justified unless the recurring unit cost at 
Harrington and Richardson is at least 33 percent below 
that established by ceiling prices and the recurring unit cost at 

General Motors is at least 60 percent below that estabíished by 
ceiling prices. A prime consideration in these procurement contracts 


was accelerated quality production (Appendix 5, page 5-93).. 
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Product Improvement Modifications 
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1. Major modifications have frequently not been supported 
р by test data at the time of their approval. The majority of all 
modifications have been relatively minor — calling for dimensional 
and surface or material finish changes. (Appendix 11, pages 11-27, 
11-28, and 11-31.) 

2. Between November 1964 and May 1967, a series of modi fi ca- 
tions were introduced to make reliable functioning of the М16А1 
system less susceptible to solid particles of residue contained 
in the propellant gases. (Appendix 11, pages 11-28 through 11-31.) 


Í 3. Colt's recognized as early as September 1965 the increased 
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cyclic rate effects of WC 845 (ball) propellant. (Appendix 11, 


page 11-29) 


4. There was a delay of five months between final approval 
of the redesigned buffer and its introduction into production. 


(Appendix 11, pages 11-29 and 11-30.) 


Ammunition Development 
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1. The technical data package for 5.56mm ammunition has 


never specified metallurgical requirements for the brass cartridge 
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is aware of the need for case hardness control and is taking 


i 

| 

cases as was done for 7.62аш NATO ammunition. Тһе Project Manager | 
H 

| 
appropriate action. (Appendix 4, pages 4-3 through 4-9.) | 
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2. After completion of the Frankford Arsenal report, 


the Project Manager in 1963 requested BRL to provide a solution to 
the bullet design problem. This problem has not yet been solved. 
(Appendix 4, pages 4-26 through 4-29.) 

3. Efforts were made to identify the cause of fouling. 
Althoug primer composition was determined to be a contributor to 
fouling, it cannot be considered the primary cause. (Appendix 4, 
pages 4-19 through 4-21.) 

4. The overall primer development program has failed to 
standardize the basic design of the primer. (Appendix 4, pages 
4-19 through 4-21.) 

5. Army decisions regarding acceptance of propellant have 
been influenced by propellant availability and thé preference of 
cartridge producers. Propellants have been accepted for loading 
in 5.56mm cartridges that did not optimize M16 weapon functioning. 
(Appendix 4, pages 4-30 through 4-51.) 

6. Significant production of tracer ammunition loaded with 
ball propellant was allowed to continue when iniormation was 
available in the Office of the Project Manager, Rifles which indi- 
cated that tracer ammunition loaded with IMR propellant provided 
the best interior ballistic match with ball cartridges. (Appendix 


4, page 4-59.) 
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7. The Project Manager, Rifles, has to date not complied 
with an 8 December 1966 directive from the Commanding General, 
USAMC, to "come to grips at an early date with the 3,250 f.p.s. 
velocity requirement", (Appendix 4, page 4-41 through 4-44.) 
8. Projectile configuration for 5.56mm ball ammunition has 
not been standardized in production, (Main Report, pages 0-24 and D-25), 
Test and Evaluation Policies and Procedures 
1. Army policy for testing of the M16 system has been 
inadequate. Many past deficiencies in Army testing policy have 
been surfaced by studies and boards. Policies designed to correct 


most of these deficiencies have been drafted. (Appendix 1, pages 


1-2 through 1-24.) 
2. Army policy pertaining to product improvement and post 


production tests needs improvement. (Appendix 1, page 1-16.) 


M16 Svstem Tests 


1. The conclusions drawn in testing of the M16 system were 
often not clearly supported by the test data. (Appendix 2, pages 
2-74 through 2-79.) 1 


2. A disproportionate share of the testing effort has been 


concentrated upon the generation of new data at the expense of the | 4 
ERI n 
си % 

analysis of both the new and already existing data. (Appendix 2, у 


pages 2-78 and 2-79.) 


— 
r Y 

- ТУГИ 
. — —üä3mͥ ns. 


3338 


rn 
EX C: 


! 


W 


ева .‏ و 


— یچچ 


w 


CONFIDENTIAL 


3. The most notable example of incomplete testing was the 
omission of cyclic rate measurements in the 17 March to 10 April 
1964 firings for the engineer design test of alternate propellants 
for use ia the 5.56mm M193 cartridge. ‘(Appendix 2, pages 2-57 
and 2-58.) 

4. Because of the ги size of the sample and the variability 
between weapons, the results of the SAWS engineering environmental 
sub-tests could give only an indication of weapon performance, 
and even then without great assurance. (Appendix 2, pages 2-6 
through 2-23.) 


5. In the case of the M16 there was no kinematic analysis 


of M15 weapon functioning, although kinematic analyses were conducted 
on other small arms systems. (Appendix 2, pages 2-55 through 2-57.) 
6. Experience with the M16 in Vietnam has proven the inadequacy 
of the M16 test program with respect to environmental testing. 
The Tropic Test Center did not test the M16. (Appendix 2, pages 
2-58 and 2-59.) 
7. A significant gap in M16 test data is the failure to 
take account of tracer cartridges in lethality evaluations. 
(Appendix 2, pages 2-59 and 2-60.) 
8. Tests with the same purposes or objectives have not 
always followed the same procedures within the same tíme frame. 


(Appendix 2, pages 2-68 through 2-71.) 
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M16 System Reliability 

1. The functional reliability of the MI6Al rifle, as currently 
produced with the new buffer and chrome plated chamber, is satis- 
factory when the weapon, ammunition, and magazines are properly 
maintained and lubricated, and provided that ball ammunition 
loaded with ball (WC 846) propellant, and tracer ammunition loaded 
with IMR propellant are used. (Appendix 6, pages 6-110 and 6-139.) 

2. Over 50 percent of the malfunctions currently being 
experienced by the М16А1 system are failures to feed and can he 
attributed primarily to the standard magazine. (Appendix 6, 
pages 6-41, 6-53, 6-55, 6-111, 6-143, and 6-146.) 

3. The reliability of the М16А1 rifle is sensitive to 
minor variations in the operating energy level. (Appendix 6, 
pages 6-126 through 6-129.) 

4. Except in the first evaluation in 1958, the М16А1 rifle 
has been, and continues to be, less reliable than the M14 rifle. 
À higher malfunction rate is an inherent characteristic of the 
fully automatic rifle in general, a fact that was most recently 
confirmed in the WSEG test. (Appendix 6, pages 6-139 and 6-123.) 

„5. Changes were made іп the М16А1 and its ammunition by 
trial and error. Little is known about the effect of variations 
in internal ballistics on Züuctional reliability of the system, 
nor were detailed studies in this area initiated before 1968. 


(Appendix 6, pages 6-46, 6-47, 6-56, and 6-57.) 
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6, The reliebility data reported in the various tests and 
evaluations do not provide a statistically significant basis for 
an engineering analysis, nor 40 they provide a clear reason for 
the occurrence and fluctuation of certain malfunctions. (Appendix 
6, pages 6-10, 6-14, 6-21, 6-23, 6-29, 6-30, 6-32, 6-34 and 
Appendix 2.} 

7. The function firing tests and the 6,000-round endurance 
tests conducted at Colt's do not provide data which are indicative 
of the actual performance that can be expected of the М16А1 in the 
hands of troops. Therefore, the value of these tests is limited 
Since they do not represent a test of the service iife of the 
weapon. (Appendix 5, pages 5-55 through 5-61 and Appendix 6, 
pages 5-14, 6-131, 6-132, 6-135, and 6-139.) 

8. The lack of cleaning materials and the lack of proper 
training contributed heavily to the high М16А1 nal function rates 
experienced in Vietnam in late 1966 and early 1967. (Appendix 6, 
pages 6-113, 6-114, 6-115. See Appendices 3 and 7 also.) 

9. A detailed engineering analysis of the M16Al system is 
required со improve its reliability further. (Appendix 6, page 


6-130.) 
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М16 Rifle Training 


1. Іп many cases there were no M16 rifle training programs 


for replacements assigned to Vietnam during the period March 1965 


to July 1966. (Appendix 3, pages 3-3 through 3-9, 3-11, 3-14, 


3-15, 3-18, 3-27 and 3-60.) 


2. At least until November 1967, a significant number of 


men failed to receive the required POR M16 training in CONUS, 


Management of POR processing did not identify POR M16 rifle training 


deficiencies satisfactorily and port calls were not postponed for 
the purpose of completing POR training. (Appendix 3, pages 3-27 
and 3-65.) 


3. With the exception of the training program conducted in 


1964 by Lackland Military Training School, which was attended by 
12 Army representatives, there was no new equipment training 
program conducted in the M16 rifle in CONUS, (Appendix 3, 
pages 3-156 and 3-158.) 


4. The lack of a blank firing adapter during 1966 and 1967 


was a restriction to POM training, unit training,and Vietnam- 
oriented infantry AIT training programs. (Appendix 3, pages 3-6, 
3-25, 3-33, 3-34, 3-38, 3-45 and 3-78.) 

5. When DA announced in December 1965 that all units in 


Vietnam and not only the combat maneuver battalions would be 


equipped vith the M16 rifle there were no plans at DA or USCONARC 
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for a corresponding expansion of training, nor is there any evidence 
that training staff officers at DA or USCONARC even knew of the 


plan to extend М16 rifle issues. (Appendix 3, pages 3-34 and 3-35.) 


6. The Staff responsibility for POR training at DA and USCONARC 


headquarters is still net adequately defined. ‘Appendix 3, pages 
3-35, 3-62 and 3-63.) 

7. The initial 8-hour POR-POM training program recommended 
by USCONARC in January 1966 and approved by DA the same êh was 
a product of a shortage of rifles, ammunition, training time, and 
uncertainties surrounding the issue of rifles to units to be 
deployed to Vietnam. This program did not require the soldier 
to zero his rifle or to fire the rifle in the automatic role. 
(Appendix 3, pages 3-13, 3-14, 3-16 through 3-19, 3-23, 3-25 
through 3-27, and 3-61.) 

-8. The 8-hour POR program directed in July 1967 was ап 
improvement over the January 1966 program because it required 
zeroing, firing in the automatic mode, emphasized care and cleaning, 
and increased the number of rounds to be fired. (Appendix 3, 
pages 3-47 and 3-48.) 

9. The establishment of centralized POR processing points 
within USCONARC and the granting of three additional days to complete 
FOR training has significantly reduced the number of men who leave 
CONUS without M16 rifle training. (Appendix 3, page 3-65.) 
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10. USARV decided in October 1966 that expansion of M16 
rifle training in CONUS to other MOS's was not desireable at 
the expense of diversion of rifles and ammunition scheduled 
for SEA, 
some of which were attributed to inadequate and insufficient 
training. (Appendix 3, pages 3-27 through 3-32.) 

11, USARV training directives were adequate beginning in 
November 1966, but the directives have not deen followed in many 
cases, (Appendix 3, pages 3-85 through 3-94.) 


12. The primary factcr which hindered the expansion of M16 


rifle POR training programs during 1967 was the lack of training 


time, especially for students in service schools and training centers. 


(Appendix 3, pages 3-36, 3-38, 3-46, 3-47, 3-50 and 3-56 through 
3-58.) 


13. The M16 rifle training programs prescribed and conducted 


in Vietnam-oriented infantry AIT are adequate. (Appendix 3, pages 


3-41, 3-45 end 3-48.) 


14. In general ML6 training circulars, field manuals, and 


technical manuals contained contradictory statements and inadequate 
and incomplete information. (Appendix 3, pages 3-132 through 3-141.) 


15. USAWECOM's interpretation of one Army Regulation resuited 


in rifles being shípped to users without the technical manuals 


being packed with the rifles. (Appendix 3, pages 3-129 through 3-131.) 
) 
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USARV was experiencing serious malfunctions with the rifle, 
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16. There is elther a lack of knowledge of the pinpoint system 
of distribution or a lack of user follow up at unit level. (Appendix 
3, pages 3-63, 3-76, 3-139, 3-140 and 3-153.) 

17. Valuable maintenance and supply instructional assistance 
was provided by USAWECOM to various organizations, installations, 
and training facilities within CONARC during 1966 and 1967; similar 
assistance was provided to USARV. (Appendix 3, pages 3-63, 3-64, 
and 3-160.) 

18. The Chief of Staff has approved M16 rifle training pre: is 
for all infantry AIT and for BCT, and the DA staff is studying a 
plan for oversea commands to provide M16 rifle POR training. 
(Appendix 3, pages 3-58 and 3-59.) 

Management 

1. The Army Small Arms Program can provide the management 
tools which will establish visibility of small arms research and 
associated development, provide for a more realistic evaluation 
of all small arms systems, identify areas that require investigation 
or correction, and constitute a basis for the coherent, unified 
development, improvement, and test of future systems. (Appendix 
8, pages 8-20 through 8-29.) 


2. The Army Small Arms Program, when fully operational, 


could help to overcome the organizational problems inherent {п 
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ju managing a system in a functionally oriented organization. 
However, management of the Army Small Arms Program at this 

time is primarily exercised through the indirect means of funding 
authority. Clearly established lines of authority and responsi- 
bility within the program are not adequately defined. (Appendix 8, 
pages 8-20 through 8-29.) 

3. The Project Manager,Rifles has been assisted through the 
creation of committees to facilitate control and coordination of 
System development, improvement, and testing. (Appendix 8, pages 
8-20 through 8-29.) 

4. The Department of the Army staff organization has been 
modified to facilitate system management over the life cycle. 
(Appendix 8, pages 8-20 through 3-29.) 

Vietnam Surveys 
1. The accelerated introduction of the M16 into Vietnam, 


along with shortages of cleaning materials and repair parts, and 


general inadequate knowledge of the weapon on the part of the chain 


of command led to poor maintenance in the early stages of the rifle's 


use in Vietnam. (Appendix 7, pages 7-3 and 7-4.) 
2. In the fall of 1966 excessive malfunctions (primarily 
failure to extract. the Spent cartridge) were reported. The first 


Surveys concluded that insufficient training of men in the care 


and maintenance of the M16 was the basic cause of the high malfunction 


rate, агб a training program designed to increase care and cleaning 
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proficiency was immediately begun. Subsequent surveys found M16 
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maintenance significantly improved and the malfunction problea 
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reduced. (Appendix 7, pages 7-4 and 7-6.) 
3. The Congressional survey in June 1967 found user accepta- 
bility relatively low. At that time about one-half of the riflemen 


wished to exchange their Ml6's for Ml4's, chiefly because they had 


misgivings about the Ml6's reliability. (Appendix 7, page 7-9.) 

4. In the fall of 1967 the Office of the Secretary of Defense i 
field survey found acceptability unusually high. The acceptability i 
figure presented was misleading because the OSD survey question- : 


naire did not ask the men normally emploving rifles which weapon : 


I mA— өле 


they preferred. (Appendix 7, pages 7-12 and 7-16.) 

5. Findings of the 1968 survey conducted by the Office of the 
Chief of Staff are basically consistent with the other surveys. 
However, these earlier surveys strongly stressed the urgent need 
` for improved care of the М16 by the rifleman, while the 1968 survey 
data indicates that equal emphasís should be placed upon product 
improvement. (Appendix 7, pages 7-2, 7-8, 7-11 and 7-17.) 


6. Folicies and directives throughout Vietnam which govern 
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M16 training, supply, maintenance, and user care and cleaning 
were found generally adequate in January-February 1968. Continued 


command supervision is necessary to improve compliance with these 
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directives, (Appendix 7, Inclosure 7-1, page 37.) 
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7. .With the exception of Vietnam-oriented advanced individual 
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training for infantrymen, all M16 training given to men before their 


deployment to Vietnam was inadequate, (Appendix 7, Inclosure 7-1, 


рэн 


pages 22 and 23.) 


8. Many leaders have been hampered in meeting their supervisory 
responsibilities by insufficient knowledge of the М16, (Appendix 
7, Inclosure 7-1, pages 22 and 23.) 
| 9. At the time of the January 1968 survey, USARV required 
| all replacements to complete the same M16 in-country training 
program, regardless of the amount of prior training. (Appendix 
7, Inclosure 7-1, page 23.) | 

10. Unit armorers in Vietnam often lacked formal training and 
adequate knowledge of M16 rifle maintenance. (Appendix 7, Inclosure 
7-1, page 23.) 

11, Men tended to clean their rifles two to three times more 
frequently than they cleaned their magazines, yet corroded or dirty 
ammunition and defective magazines seriously reduce rifle effective- 
ness. (Appendix 7, Inclosure 7-1, pages 27 and 28.) 


12, Although individuals usually test fired their rifles, the 


nature and frequency of such firing varied widely among and within 
units. (Appendix 7, Inclosure 7-1, pages 30 and 31.) 
13. Greater zeroing effort is required, particularly within 


maneuver battalions. (Appendix 7, Inclosure 7-1, pages 31 and 32.) 
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14. In January 1968, failures to extract still occurred 
with enough frequency to reduce confidence in the M16, and these 
failures had several E, Besides inadequate maintenance, 
extraction failures result from such conditions as pitted chambers, 
defective parts, or faulty control of ammunition case hardness. 
(Appendix 7, Inclosure 7-1, pages 28 and 29.) 

15. Introduction of the chromed chamber appeared to have 
reduced the number of failures to extract, but this improvement has 
not been fielded long enough to permit adequate evaluation. (Appendix 
7, Inclosure 7-1, page 30.) 

| 16. Most men armed with the М16 in Vietnam rated this rifle's 
performance high; however, many men entertained some misgivings 
about the Ml6's reliability. (Appendix 7, Inclosure 7-1, page 30.) 
Army Small Arms Program 

1. Throughout 1964 and 1965 Special Purpose Individual Weapon 
(SPIW) had the dominant role as the successor small arm or close 
combat weapon system. The failure of SPIW to meet the development 


schedule was a significant factor in the decision to initiate an 


explicitly articulated small arms program. (Appendix 10, pages 


10-4 through 10-15.) 
2. During the period 1962-66, the SPIW program virtually 
constituted the Army's small arms research and development program. 


(Appendix 10, pages 10-54 through 10-63.) 
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3. While the Small Arms Weapons Systems (SAWS) study had 

provided much needed information and a sound basis for some decisions 
i on current small arms weapon alternatives, review of the SAWS 
study revealed that (1) there were gaps in the Army's basic 
knowledge on small arms which could be remedied by additional 
fundamental work; (2) the Army research and development effort to 
provide successor small arms weapons needed to be broadened, to 
be continuous, and to be deliberate; (3) a better interface between 
USAMC and USACDC at the technical and systems management levels 
was required. (Appendix 10, page 10-25.) 

4. With the promulgation of the Army Small Arms Program 
in January 1968, the Army has sought to establish a formal, integrated, 
and thorough program to direct and coordinate the research, develop-. 
ment, procurement, and product improvement of small arms weapon 


systems. (Appendix 10, pages 10-29 through 10-34.) 
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5. The management structure funding and procedures must be 
periodically reviewed to assure that an integrated and balanced 


small arms development effort is maintained. Also, sufficient person- 
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nel resources must be made available to manage the program, lest 


it split into disconnected sub-programs. (Appendix 10, pages 10-36 


— 9€ mon u er 
па Мада e 


through 10-40.) 
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6. The basic philosophy underlying the Army Small Arms 


Program is that weapon development must be a continual effort. 
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The effective execution of the Army Small Arms Program is therefore 
dependent on the assumption of regular funding support over a 
significant period of time. (Appendix 10, pages 10-29 and 10-30.) 

7. ОЕ fundamental importance, as evidenced by the interrelated 
history of the SPIW and the М16А1 programs, is the absolute necessity 
to maintain the time-frame flexibility in the Army Small Arms 
Program. (Appendix 10, pages 10-50 through 10-67.) 

8. The studies leading to the selection of the optimum system 
of grenade launching will not be completed until after the attachment 
and separate weapon alternatives are fully developed. Meanwhile, 
no attention is directed toward the possibility of launching 40mm, 
or similar grenades, from the muzzle of the М16А1 rifle. Such 
a course, although not desirable, results from a valid : 
requirement in Vietnam for the over-under.concept. (Appen- 

dix 10, page 10-43.) 

9. A key objective of the Army Small Acms Requirement Study 
(ASARS I) is to determine the importance of small arms in combat 
to define small arms effectiveness criteria. Due to funding 
limitations the completion date of this fundamental requirements 
study is incompatible with the needs of the Army Small Arms 
Program. (Appendix 10, page 10-44.) 

10. Certain fundamental tasks within the Army Small Arms 


Program need to be expedited to meet the need for analytical 


E-18 


CORFIBERTIAL 


— ЛИ 


da ан њен 


E 


bi, lat бе f nds 


——— хавх өн 


———— өжет 


1 


—7.—.— 


CONFIDENTIAL 


. 


evaluation of weapon alternatives prior to hardware development 
and to be responsive to the Chief of Staff's directive in CSM 


66-485 and CSM 67-96. (Appendix 10, pages 10-40 through 10-45.) 
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Е. Recommendations 

Based ог. its study and report, the M16 Rifle Review Panel 
recommendations for Army Staff actions are presented in this 
section. Also included in this section is a list of those recom- 
mended actions which require continued attention, but do not require 
Chief of Staff approval in June 1968 because the Army Staff has 
already taken steps which should be sufficient to satisfy these 
recommendatiors. | 

It is recommended that the Army Staff undertake the actions 
to carry out the following: 


Ammuniticn Development 


1. Testing of primers be continued in an effort to establish 
а Standard design and composition for primers for 5.56mm ammunition. 

2. Testing by BRL, Frankford Arsenal, and USATECOM be given 
higher priority to determine the interface between bullet configura- 
tion, barrel twist, and muzzle velocity, and to determine the 
degree of improvement performance, if any, over the current system. 

3. The review and analysis of the current status of weapon- 
ammunition interface problems be made an identifiable task in the 
Army Small Arms Program. : 
Test and Evaluation Policies and Procedures 

&. Improved instrumentation for kinematic tests be installed 


at USATECOM to increase its capability to conduct comprehensive 


engin.ering type tests, 
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5. Means to identify and pursue significant test phenomena 


observed be explored in order that developers may analyze system 
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deficiencies and exploit improvement opportunities. 


6. Sample size, or test weapon density be predicated on sound 
statistical sampling techniques. When this is not possible the 
test report should emphasize the uncertainty associated with insights 
derived from the test data. 

| 7. А study be initiated te determine ways to reduce the 
: : number of failure to feed mal functions now experienced by the М16А1 
rifle. Particular attention should be paid to the magazines 
(both 20- and 30-round). 

8. А detailed study be conducted to determine the effect of 
variations in internal ballistics on the functional reliability 
of the M16À1 rifle. 0568 completion of this study, any recommended 


changes to the M16Al system should be tested. 
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9. The effect of internal ballistics on the functional 
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reliability of future developmental small arms systems be thoroughly 


E. I | studied, and trade-offs clearly identified. 
: МІ6А1 Tests 
10. A statistical model of malfunction experience be developed 


based on the expected frequency of occurrence of each kind of 


š malfunction. This model should be used as a guide for further 
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weapon improvement end as a standard against whic to judge the 
validity of experimental design. 
М16А1 Training 

11. Responsibility for М16А1 POR training be assigned to ап 
Army general staff agency. 

12. Necessary action be taken to insure that the pinpoint 
distribution system is understood by users, and that spot checks 
are conducted to make certain that accounts are opened and 
subsequently updated, 

13. Action be taken to determine whether maintenance doctrine 
should be revised to allow the armorer to disassemble the lower 
receiver of the M16 rifle for the purpose of replacing worn and 
broken parts. 

Management 

14. Recent organizational and management improvement efforts 
be reviewed to assure that they, in fact, enable the Army to manage 
small arms development, testing, and product improvement. Special 
emphasis be directed toward the establishment of well defined 
lines of authority and responsibility within the Army Small Arms 
Program. | 

It is recommended that the Army Staff continue to address 
efforts already underway to carry out the following: 

Procurement, Production, aad Distribution 
1, The Aray develop a long range procurement and distribution 


plan for rifles. 
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2. Acquisition of the patent rights and a technical data 


package should be seriously considered in all future procurements 


of military equipment which „ге proprietary to a commercial producer. 


It is desirable to include terms for this acquisition in the 
initial procurement to insure that the Army remains in the most 


favorable bargaining position. 


3. The contractural quality control requirements for the №16 


rifle be updated and tailored to the M16 rather than be identical 
to those imposed on 414 contractors. 

4. The rifle quality assurance program receive increased 
emphasis by the army and Defense Contract Administration Services 
especially during the early production phase of new producers. 

5. In the future, the economic justification for multiple 
sources be clearly examined prior to negctiations and/or become 
a part of the initial negotiations. 

Preduct Improvement Modifications 

6. Regulations be revised to state that product improvement 

modifications requiring tests will not be approve for production 


until after testing is completed and reviewed. 


Ammunition Development 


7. The technical data package be amended for all future 
procurement of 5.56mm ammunition to include specific metallurgical 


requirement for cartridge cases. 
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8. Projectile configuration be standardized in production. 
Test and Evaluation Policies and Procedures 

9. Department of the Army publish guidance to rezulate 
production and postproductíon tests. 

10. The responsibility of periodically reviewing for adequacy 
all Department of the Army regulations on testing and responsibility 
for life cycle management of Army materiel be assigned to a single 
Department of the Army staff section. 

11, Department of the Army establish a requirement that small 
arms weapons and ammunition introduced from commercial Sources be 
tested to determine their military worth and be compared to on-going 
military projects prior to development or type classification. 

12. Department of the Army establish strict controls, such 
as In-Process Reviews and System Status Evaluations on non-Research, 
Development, Test, and Evaluation project managed programs before 
they are type classified А or B. 

13. 0.5. Army Materiel Command provide copies of all test 
reports to USACDC and USCONARC, 

М16А1 Reliability 

14. The quality assurance firiag test criteria should be 
reviewed for adequacy, to determine 1Ё, by changes in the test, 
reliability data could be obtained which would more nearly simulate 


reliability under field conditions while still meeting the original 


DIT 


purpose of the tests. The review of test criterie should include 
establishing the appropriate number of rounds to be fired. 
M1641 Training 

15. А directive be prepaved which will provide for positive 
coordination of training literature with interested agencies. 

16. Cancellation of New Equipment Training Frograms without 
DA approval be prohibited. 

17. Procedures be established that will provide readily 
accessible operator's manuals for individual weapons to the soldier, 
without necessarily requiring one copy to be packed with each ` 
individual weapon as a Basic Issue Line Item. 

Vietnam Surveys 

18. Command supervision be increased to improve compliance 
with policies and directives which govern M16 training, supply, 
maintenance, and user care and Cleaning in Vietnam. 

19, In order to improve predeployment rifle training the 
following measures be taken: 

а. Accelerate introduction of M16 rifles and Mlo training 
for all men in basic combat training at the earliest possibie date. 

b. Increase the amount of M16 instruction for supervisors 
in all schools producing junior leaders, for NCO refresher courses, 


officer candidate schools, and basic branch courses. 
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purpose of the tests, The review of test criteria should include 
establishing the appropriate number of rounds to be fired. 
М1641 Training 

15. A directive be prepared which will provide for positive 
coordination of training literature with interested agencies, 

16. Cancellation of New Equipment Training Programs without 
DA approval be prohibited. 

17. Procedures be established that will provide readily 
accessible operator's manuals for individual weapons to the soldier, 
requiring one copy to be packed with each individual weapon 
as a Basic Issue Line Item. 

Vietnam Surveys 

18. Command supervision be increased to improve compliance 
with policies and directives which govern M16 training, supply, 
maintenance, and user care and cleaning in Vietnam. 

19. In order to improve predeployment rifle training the 
following measures be taken: 

a. Accelerate introduction of M16 rifles and M16 training 
for all men in basic combat training at the earliest possible date. 

b. Increase the amount of M16 instruction for supervisors 
in all schools producing junior leaders, for NCO refresher courses, 


officer candidate schools, and basic branch courses. 
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с. Establish procedures to insure receipt of М16 training 


————— 


for men on inter-theater transfer to Vietnam. 


20. Since many untrained replacements have arrived i: Vietnam, 


two training programs be operated in Vietnam: The present one for 

most men and another and more intensive one for the totally untrained. 
21. Provision be made for additional training for armorers 

in Vietnam, perhaps threugh divisional schools or mobile training 


teams from the lst Logistical Commend. 


23, Unit maintenance inspections emphasize care of the entire 


rifle system rather than only the rifle itself. 


23. Procedures be instituted to achieve a more optimal 


distribution of repair parts and cleaning materials and equipment. 


24. Verification of zero be integrated with test firing 


since any object that can visibly register hits may serve as a 
target. 

25. А field malfunction reporting d be establishec 
throughout USARV, While such a system does not produce reliability 
data with laboratory precision, it does permit analysis of mal- 


function trends and would contribute to further improvement in the 


relíabílity of the M16, 
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бїх Effective until 6 November 1968 unless sconer rescinded or superseded, 


БЕРААТМЕ МТ OF THE АКМҮ 
© OFFLCE ОЕ THE CHIEF OF STaFF 
Washington, D.C. 20310 CPT Piper/bb/76286 
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‘FOR: DEPUTY CHIEF OF STAFF ЕСК PERSONNEL 
DEPUTY CHLEF OF STAFF FOR LOGISTICS 
COMPTROLLER OF THE aRMY 
CHIEF OF RESEARCH AND DEVELOPMENT . E 
ASSISTANT CHIEF OF STAFF FOR FORCE DEVELOPMENT з 
THE INSPECTOR GENERAL z 
CHIEF OF INFORMATION 
CHIEF OF MILITARY HISTORY 
CHIEF, U.S. ARMY AUDIT AGENCY 


MEMORANDUM ; 
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SUBJECT: The M16 Rifle Program 


SENS DO Ба eRe کو ر‎ te 1 v e Pm 


A 1, The Chief of Staff has directed an intensive review of army manage - 
ment practices related to the evaluation and adoption of product improvement 
9 modifications to the Ml6al rifle/ammunition system. The review will deter- И 
mine whether there are general deficiencies in the Army's management of the : 
small arms program. attention will be given to training, policies, organization, 
assignment of responsibility, direction and control exercised, and the 
administrative and technical procedures related to development, testing, 
evaluation, procurement, production, and product improvement of small arms. 


2. The principal subject areas of inquiry are: : : 


a. The product improvement modifications to the М16А1 weapon/ 
ammunition system and the justification therefor. 
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b. The effects of fouling on the functioning of the Heat weapon/ 
ammunition system. 
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c. The development of propellants for use in 5.56mm cartridges, 
with emphasis on the effects of these Propet ante on the functioning of the 
М16А1 rifle. 


4. The adequacy of test procedures to detect the occurrence and 
the persistence of problem areas and to isolate the causative factors for 
А immediate correction. 
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e. The adequacy of regulations and policy on directive statements 
as these generate requirements for testing and for the distribution and use ' 
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SUBJECT: Тһе М16 Rifle Program 
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vf test results. Particular attention will be paid to their adequacy 
in light of the responsibility for adequate testing assigned in the recently 


revised materiel R&D regulation (АК 705-5). 


£. The scope and adequacy of the Army training program for the 
М16А1 rifle/ammunition system, with particular emphasis on individual 
maintenance training and armorer training. 


g. The adequacy cf the organizational structure for the develop- 
ment, testing, and production of small arms to include a review of the 
changes made as a result of CSMs 66-485 and 67-96. 


h. The procurement history of the АВ-15/ХМ16Е1/М1651 weapon system. 


3. AVCofSa will convene a review panel to conduct the necessary research 
and to evaluate al! information, documents, and reports pertaining te the 
Ml64l weapon/ammunition system. This panel will prepare a comprehensive 
report for the Chief of Staff and the Secretary of the Army NLT 15 March 
1968 and will provide recommendations for further actions as required. 

This report will include: 


LER 


а. An audit trail of Ml6Al decisions and tests. 


— purn sA O опира PRAAN EPE SAN o atana oa e 


b. a comprehensive history of the Ml6al. 


с. An Army reference paper in response to the Ichord Committee 
. findings and recommendations. 


PL 


4. Staff actions will include: H 


; а. DCSPER, DCSLOG, CRD, and ACSFOR each will nominate one officer i 
thoroughly knowledgeabie in those aspects of the rifle program that are ! 
i 


vr 


within the responsibilities of their staff agency to serve on a full-time 
basis on the AVCofSA review panel (para 3). The initial assignments of 
these representatives will be: 


(1) DCSPER--those actions cited at Inclosure 1. 


(2) DCSLOG--those actions cited at Inclosure 2. 


(3) CRD--those actions cited at Inclosure 3. 


(4) ACSFOR--those actions cited at Inclosure 4. 


b. TIG-will provide information related to the subject areas 
Ce in para 2 above resulting from the current investigation of ammunition 
E selection for Ml6al acceptance testing. 
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SUBJECT: The M16 Rifle Program 
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5. “The 0CofSA'poiht òf contact 1s COL Alah Wi Johes, Jr. GDESA, * * 27 
ext. 76286. 


а, DCSPER, DCSLOG, CRb, and ACSFOR will report the name of their 
review panel representative to COL Jones NLT 9 November 1967. These 
representatives will report for full-time assignment with the review panel 
when AVCofSA convenes it. 


b. COa, TIG, CINFO, CMH, CUSAAA will designate a point of contact 
for this inquiry and will report his name to COL Jones NLT 9 November 1967. 


c. AVCofSa will inform CLL of this review panel and will invite 
OCLL participation. 


6. Addressees will be responsible for supporting the AVCofSa review 
‘panel in preparation of the final report as required. 


7. AVCofSa will inform the USAF and the USMC of this review of the 
Ml6al program and invite their participation in those actions related to 
decisions of the tri-service АК-15/М16 Rifle Technical Coordinating Committee. 
AVCofSa will coordinate the review effort with the Office of the Under 
Secretary of the Army (Operations Research). 


BY DIRECTION OF THE CHIEF OF STAFF: 
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4 Incls ELIAS С. TOWNSEND 
as Major Generai, GS 
Secretary of the General Staff 


DISTRIBUTION 
"с" 


Copy furnished: 
Chief of Legislative Liaison 


SUSPENSE: 
DCSPER --30 Nov 67--рата 3 
--31 Бес 67--рака 1 2 
DCSLOG--20 Nov 67--para 9-12, Incl 2 
--30 Nov 67--para 1-8 
CRD--15 Dec 67--Incl 3 


ACSFOR--20 Nov 67--para 1-3, Incl 4 
. --15 Dec 67--рага 6, Incl 4 
-:31 Dec 67--para 4, Incl 4 


AVCofSA--15 Mar 68--para 3 
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DCSPER Required action 


HER 


1. Report. on the scope and adequacy of the Army rifle training, ал эс 


"program for the МЇбА1 weapon, Ammunition’ system sincè the first АВ-155 were 


received by the Army. This report will include individual marksmanship 
and maintenance training, armorer training, and other weapon maintenance 
training programs. 


2. Assess the adequacy of systems for measuring the extent to which 
individual soldiers are in fact taking the action which the training policies 
require and the system by which lessons learned in combat operations 
lead to changes in training programs. 


3. Report on the current and projected Ml6al rifle requirements for 
training purposes (for the remainder of FY 68) and whether there is, or 
whether there is projected, any short-fall of rifles to meet the require- 
ments. 
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DCSLOG Required Actions 


| 1. Provide a list of all product improvement modifications to the i 
"=. MiSAI pifkeYeRadnrtion system} together uth'dare sf change л sëmmà y 2oF£* A 3. > 
the justification, whether the modification compensated for the effects 

Qf loading WC 846 propellant in 5.56mm cartridges, and list of all tests 

“ору agency and sponsor) done in support of test and evaluation of the 


modification. 


2. Provide a chronology (dates and summary discussion) for WC 846 | 
propellant to include all reports related to the functioning of the М16а1 i 
rifle/ammunition system when firing cartridges loaded with WC 846 propellant 
and all decisions made with respect to this propellant. Provide the rationale 
for each decision. Discussion will include the principal findings of each | 
report and the subsequent actions taken. | 


3. Provide lot numbers, number of rounds, propellant and cartridge | 
type, and date and origin of shipment for all shipments of 5.56mm ammunition 
to Colt's since the Army's initial procurement of АК-155 (ХМ16Е15). 


i 4. Provide by month since 1963 а list of propellant types loaded in 
i the 5.56mm cartridges fired at Colc's for rifle endurance tests, for 
B : rifle functioning tests, and for rifle accuracy tests. 


5. Provide average cyclic rate data for Ml6s accepted by month 
and propellant type used in the cyclic rate tests since January 1963. | 


6. List U.S. Army or other government agency tests which have been 
conducted since January 1963 to verify the Colt's factory acceptance tests. 
For each test provide the date, document in which reporced, and test objective. 


7. Provide rationale for the cyclic rates not being measured in the 
1964 Aberdeen Proving Ground firings for 5.56mm p-opellant selection. 
List all АК-15/ХМ16Е1/М16А1 TECOM and MUCOM reports by date which record 
= cyclic rate, together with the cyclic rates experienced and buffer/propellant 
5 combination used. : | 


8. Provide a report on fouling in the М16А1 rifle. The report will 
include: 


a. Areas affected by fouling. 

. | 
b. adverse effect, if any, of fouling on functioning. 
с. Severity of fouling due to: 


(1) Primer compound. 


Incl 2 s . 
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(2) Propellant. 
(3) Lubricant. 
po э з a ma зээ a(g} >беңе”.%; o: ` p? w 2 1 3 “ЖАН 
4. The means of detecting and quantifying fouling. 
e. The means of determining the effect of fouling on functioning. 
f. Efforts made since 1963 to determine the relationship of 


fouling and functioning, to inciude how the tests have been conducted and 
the results. 


8. Efforts taken since 1963 to alleviate fouling problems by 
modifications to: 


(1) Rifle. 

(2) Primer. 

(3) Propellant. 
(4) Lubricant. 

9. Provide a chronological list of all М16А1 weapon/ammunition system 
test data and reports accumulated or published by Colt's. For each test 
provide date, test objective, and source of funds. 

10. Provide a chronological list of all tests and inrormation on 
all test data accumulated related to the М1641 weapon/ammunition system 
conducted by the following commands and their subordinate agencies: 

а. USATECOM. 
b. USAWECOM. 
c. USAMUCOM. 
Indicate the subject of each test. 

11. Provide in chronological order all correspondence to include test 
plans and directives related to testing of and data accumulation on the 
М16А1 weapon/ammunition system to and from сае following commands and 
their subordinate agencies: 


а. USATECOM. 


b. USAWECOM. 
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с.  USAMUCOM, 


: porsa esed in Vietnam, and what As, fhe, Projection, by.month for the 
"remainder or FY 68. i | ин 
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ACSFOR Required Хонин 


1. Provide a chronological list of all testing and training, that 
has produced data on the functioning and reliability of the Ml6al weapon/ 


{zn 93-77 арайл Топ system (Әс-ссефссэпсв thereof) conducted by :USACDC: and: USCONARE 3 ** 


and/or their subordinate agencies. 


2. For the following list of major areas of malfunctions reported 

in tests of the М16А1 weapon/ammunition system provide date(s) reported, 
document(s) in which reported, causes, confirmatory tests conducted, if any, 
and corrective actions taken by date. 

a. Failure to fire (misfire). 

b. Failure to extract. 

c. Failure to feed. 

d. Failure to eject. 

e. Failure of the bolt to remain to the rear. 


f. failure of the trigger to return. 


3. Provide functioning data on М16А1 rifle/ammunition system 
obtained in CDCEC IRUS firings. 


4. Provide data from USARV reflecting experience with the M16Al rifle/ 
ammunition system in tne areas of weapon effectiveness, level of individual 
training and proficiency with the system, maintenance status and problems, 
functioning problems since introduction of the aR-15 (Міба1) in SEA. 


5. Provide DCSPER with assistance, as required, on unit training in 
preparation of the DCSPER report oa М16А1 weapon/ammunition system training. 


6. Provide the ACSFOR position (coordinated with DCSLOG and AMC) 
as to the Ichord Subcommittee Report recommendation and finding Number 18, 
which recommends new М16А1 testing by an independent agency. 


Incl 4 
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use in small arms cartridges.) Thé report ‘will inclide "discüssio: of: шах 


2. 


on directive statements for testing of small arms weapon systems. 


3. 


criteria in developmental and engineering tests. 
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CRD Required Actions 
Report. on the adequacy of the propellant development propren for, 


a. Past develo,mental efforts. 


b. Current developmental activity. 
c. Propellant evaluation criteria. 
d. Adequacy of propellant evaluation criteria. 
e. Efforts to improve propellant evaluation criteria, as required. 


Analyze and report on the adequacy of the regulations and policy 


Analyze and report on the rationale for the selection of the test 
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BCT 
BFA 


Breechloader 


Caplock 


CMC 


COFSA 
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CRDL 


CONUS 


COMUSMACV 
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CINCPAC 


CINCUSARPAC 
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СОМАКС 


СОА 


Assistant Secretary of the Air Force 
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Aberdeen Proving Ground 
Advanced Individual Training 
Army National Guard 

Basic Combat Training 

Blank Firing Adaptor 


À weapon loaded from the breech rather than the 
muzzle end. 


À muzzle-loader fired by a percussion cap. 
Commandant Marine Corps 

Chief of Staff, Army 

Coordinated Test Plan 

Chief of Staff, Army, Memorandum 

Combat Develcpacnts Objective Guide 

Chief of Research and Development, Army 
Chemical Research Development Laboratories 


The continental United States 


Commander, United States Military Assistance Command, 


Vietnam 


Cozmander-in-Chief, Pacific 


Commander-in-Chief, United States Army, Pacific. 


Continental Атту Command 


Comptroller of the Army 
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AAD Air Assault Division 

AAO Authorized Acquisition Objective 

ACR Armored Cavalry Regiment 

ACSFOR Assistant Chief of Staff for Force Development, 


Department of Army 


ACSI Assistant Chief Staff for Intelligence 
| АМ Airmobile 
| АМР Army Materiel Plan 
| ASP Army Strategic Plan 
| AFDP Army Force Development Plan 
ASA(I&L) Assistant Secretary of the Army, Installations and : : 
s Logistics A» 
| : AIT Advanced Irdividual Training | 
* ASA Агшу Security Agency ; 
44 АРННЫ All Purpose Hand Held Weer n ; 
E ARDFIRE Army Requirements for Direct Fire Weapons Systems | i 
2 |- (Study) i š 
* : | АК-15 The initial design of the М16 with the original : 


buffer and without the chrome plated chamber or 
the bolt assist device. 


ARPA Advanced Research Projects Agency 
D ARSAP Army Small Arms Program 
APSA Ammunition Procurement and Supply Agency 
( isi Inclosure 2 
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CINFO 
ET 
DCAS 
DDRE 
DCSLOG 
DCSPER 
DCSOPS 
D&PS 
DOD 
DEF 
DAACA 
р5А 
ЕТ/5Т 
EEA 
ERD 
FA 


FPAO 


FSTC 


GLAD 


GOCO 


HE 


HEL 
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Chief of Information, Army 
: ул.) 97 $7722 37 ON а D 

Department of the Army 

fense Contract Administration Services 
Lirector of Defense Research and Engineering 
Deputy Chief of Staff for Logistics 
Deputy Chief of Staff for Personnel 
Deputy Chief of Staff for Military Operations 
Development and Proof Services, USATECOM APG, Maryland 
Department of Defense 
Defense 
Department of the Army Allocation Committee, Ammunition 
Defense Supply Agency 
Engineering Test and Service Test 
Essential Elements of Analysis 
Equipment Readiness Date 


Frankford Arsenal 


Force Planning and Analysis Office, Office of the 
Chief of Staff, Army 


Foreign Science Technology Center 

Grenade Launcher Attachment Development (Program) 
Government Owned, Company Operated 

High Explosive 


Human Engineering Laboratory 
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wade о HR Harri ngto 4 Richardson, Inc. 5 
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НРС Hercules Powder Company 
JTCC Joint Technical Coordinating Committee 
JCS Joint Chiefs of Staff | 
кр Known Distance i 
у T 
LCAAP Lake City Army Ammunition Plant 2 | 
I 
} 
LWL Limited Warfare Lahoratory i 
| 
a | MAP Military Assistance Program i 
Ч ! ! МА5 Military Assistance Sales | 
EI 1 4 
B | | МАТА Military Assistance Training, Advisors (Course) i 
A : MDW Military District of Washington | 
3 : 
x i MACV Military Assistance Command, Vietnam | 
E i M16 The Aír Force version of the AR15 without a bolt ! 
Ë | assist device (the term is used in the report to 1 
E Н refer also to the ХМ16Е1 and М1641). 3 
E М1641 The Army version of the АК15 with the bolt assist | 
E device. i 
| 3. 
E MTOE Modified Table of Organization and Equipment | 
Н: ~ 
i Muzzle-loader, A weapon that is loaded from the muzzle. |: 
Muzzle-loading Ё 
1 М05 Military Occupational Specialty ЈЕ 
3 x Muzzle brake A device placed on the muzzle of a rifle which uses 
E o. : the escaping gasses tc retard the recoil of the 
1 | * S weapon. 
Bic 
1 9 МЕТ New Equipment Training 
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OPPLAN 
OCLL 
осо 
ORO 
PEMA 
PM-RS 
PBD 
POM 


POR 


PIR 
PS Monthly 
QMR 


Repeater, 
Repeating rifles 


RIA 
RFP 
RDTE 


RFQ 


Office of the Secretary of the Army 

3/33 3 4295 ĩ 
Office cí the Chief of Staff, Army 

Office of the Secretary of Defense 
Operations Plan 

Office of the Chief of Legislative Liaison 
Office of the Chief of Ordnance 

Operations Research Office 

Procurement of Equipment and Missiles, Army 
Prcject Manager - Rifles 

Program Budget Decision 


Preparation for Overseas Movement (of units) 


Preparation of Replacements for overseas movement 
(individuals) 


Priority Issue Requirements 
The Preventive Maintenance Monthly Magazine 
Qualitative Materiel Requirement 


A rifle having a magazine holding a number of 


cartridges that are loaded shot by shot into the 


firing chamber by operating the action of the 
piece. 


Rock Island Arsenal 
Request for Proposal 


Research, Development, Test, and Evaluation 


Request for Quotation 


DTuUREWA зө»... Request for Waiver, „ „ „ улу „ бул Аха 


RTA Request for Technical Action 

RVN Republic of Vietnam (See SVN) 

SA | Secretary of the Army (also Springfield Armory) 2 
SALVO 0С0 Project - resulted in recommendation for 


development of SPIW Concept 


š SAWS Small Arms Weapous Systems (Study) 

E SDR Small Development Requirement | 

| | ӨРІМ Special Purpose Individual Weapon | 

| i SVN South Vietnam (see RVN) | 

Е : р 

E | - SAAMI Sporting Arms and Ammunition Manufacturers' Institute I 

2 | ЗАТЕ Study of Army Test and Evaluation 

: SAPD Springfield Armory Purchase Description I 

3 | ЗЕА Southeast Asia | 

УН Single Shot A weapon that can be fired only once without reloading. i 

TAG The Adjutant General (Army) | 
ТОР Technical Data Package | 
ТСААР Twin Cities Army Ammunition Plant | 
ТІС . The inspector General (Army) | 
USABRL United States Azmy Ballistic Research Laboratories | 
USACDC United States Army Combat Developments Command 


USACDCCAG United States Army Combat Developments Command 
Combined Arms Group 
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_ USACDCEC 


USACDEC 
USACDCIA 


USAIB 
USAMUCOM 
USARPAC 
USARV 
USAMC 
USAIC 
USAIS 
USAR 
USARSO 
USATECOM 
USCONARC 
USOCS 
USARAL 
USAREUR 
USAF 
USAWECOM 
WSEG 


ХМ16Е1 


United States Army Combat Developments Command 
Expeiimentation Command 


United States Army Combat Developments Experimentation 


Center 


United States Army Combat Developments Command and 


Infantry Agency 

United States Army Infantry Board 
United States Army Munitions Command 
United States Army, Pacific 

United States Army, Vietnam 

United States Army Materiel Command 
United States Army Infantry Center 
United States Army Infantry School 
United States Army Reserve 

United States Army, Southern Commard 
United States Army Test and Evaluation Command 
United States Continental Army Cummand 
United States Ordnance Center and School 
United States Army, Alaska 

United States Army, Europe 

United States Air Force 

United States Army Weapons Command 
Меарсп Systems Evaluation Group, OSD 


The early limited production (LP) Army model of 
the AR15 with the bolt assist device. 
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"n | ХМ177Е1(Е2) Тһе submachinegun version of М16, sometimes described 
I as the "CAR 15". or "Commando". 4 “ш а 
M62 Standard 7.62 NATO Tracer Round 
M80 Standard 7.62 NATO Ball Round | 
М196 Standard 5.56mm Tracer Round i 
M193 Standard 5.56mm Ball Round 
M200 Standard 5.56mm Blank Round 
shot-peen Steel finish hardness treatment process 
: ТМК 4475 Tubular grain propellant produced by DuPont 
В ЇМК 8136 Tubular grain propellant produced by DuPont 
| ІМЕ 8208М Tubular grain propellant produced by DuPont 
| WC 846 Spherical grain (ball) propellant produced Бу 013 
| Matherson Со. 
| EDM A chemical coating for IMR 8208M propellaat 
| рагсо- Propriety parkerized surface finish treatment 
electrolize Propriety chromium surface finish treatment 
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COMPOSITION 


Chairman Д 


*Mr. John А. Lockerd, GS-15 
| Office of the Director of Weapon Systems Analysis, OCofSA 


Panel Members 


| *Lieutenant Colonel John D.A. Hogan, Jr. 
Office, Assistant Chief of Staff for Force Development 


| *Lieutenant Colonel Neil С. Nelson 
i Office, Deputy Chief of Staff for Personnel 
| 


*Lieutenant Colonel Dean F. Schnoor 
Office, Deputy Chief of Staff for Logistics 


*Lieutenant Colonel George H. Gardes 
Office, Chief of Research and Development 


*Lieutenant Colonel David P. Thoreson 
Office of the Director of Weapon Systems Analysis, OCofSA 


: Lieutenant Colonel Will Douglas, Jr. 
! Office of the Director of Weapon Systems Analysis, OCofSA 


Captain W, Stephen Piper 
Office of the Director of Weapon Systems Analysis, OCofSA 
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i Technical and Administrative Assistance 
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i 


*Colonel James F. Price 
M16 Rifle Project Officer 
Headquarters, USARV, G4 Section 


*Mr. Forrest C. Murphy, GS-14 
Headquarters, USARPAC, G3 Section 
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2 SFC James К. Flournoy 

| Staff Communications Division, OCofSA 
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СА *Members of panel that participated in the М16 Survey in Vietnam. 
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М16Е1 Rifle Description and Characteristics 
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Description 
Тһе М16Е1 rifle 15. а lightweight, gas-operated, front locking 
rotary bolt, 5.56mm weapon capable of firing in either the semi | 
or full automatic mode. А thumb-actuated safety is provided with 
three positions: safe, semiautomatic, and full automatic. The 
weapon is fed from a 20- or 30-round detachable box magazine and 


fires from a closed bolt position; bolt remains open after last round 


is fired, The weapon is equipped with an adjustable peep and post sight 


1 
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system and a barrel with a combination flash suppressor grenade launcher. 


Accessories include а sling, bayonet, and bipod. 


General Data 
а. Weights. 

Rifle without magazine and sling -------------------------------- -- 6.5 

Magazine, aluminum, 20 rounds (empty) ----------------- 9 И ---- ,18 
Magazine, aluminum, 20 rounds (full) --------------------------- --- .75 
Magazine, aluminum, 30 rounds (empty) ------------------------- — ,22 
Magazine, aluminum, 30 rounds (full) ---------- -------------------- .97 
Sling, M ---------- ------------ ---------------- ---------- a... — „4 


Firing weight (fully loaded with 20 round magazine and sling ------ 7.6 


Bipod, a2 .6 
Bipod case -------------------------------------------------------- 2 
Bayonet-knife, n) - —— ---- 6 


Scabbard, MSA ! 1 
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b. Lengths. 


Rifle with цаана nito, M7 ---------- ---------------------... ---- 44.25 іп. 
. : 21313 37 У М » 3 » } 8 м2 » 
Rifle overall with flash верргеззог ------------.................... 39 іп. 
Barrel (w'th flash suppressor) ---------.--.......- ------------.--. 21 іп. 
Barrel (without flash suppressor) ------------.. --------------- ---- 20 іп. : 
с. Sights. : 
Front --------- ------------- 7--------- Adjustable, click-type post. i 
Each click equals 2.8 centi- ; 
meters per every 100 meters 3 
of range. M 
Rear ----------------.-.. ----------... Adjustable, flip суре, Normal : 
Yange setting is for 0 to 300 i 
meters. Long-range setting i 
(L), 300 to 500 meters. : 
Each notch of the windage i 
drum equals 2,8 centimeters ra 
per every 100 meters of range. Ж: 
Sight radius -------------............ 19.75 inches. : : 
d. Ammunition, Қ 204 
Caliber 5.56-ша (complete [i 
round) M193 -----.-- ------------- ------- ---------------- ------ -- 179 grains. ! : 
Projectile ------------- ------ --------------.--.-.- ---------------- 55 grains 
Types ------------------------.-.......... --------.--- --------- ------ Ва11 - M193 | 
Tracer ~ 1196 


Blank - ХМ200 
е. Operational Characteristics, 


Muzzle velocity ----------------------- 3,250 + 40 feet per second 


Muzzle energy 
(at the muzzle) -------------------- 1,320 foot-pounds 


Ps 
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Cyclic rate of fire ------------------ - 650 to 850 rounds per minute. 


Maximum rate of fire: 
Semiautomatic --------2-2--------- ---- 45 to 65 rounds per minute. 


Automatic 150 to 200 rounds per minute, 
Sustained rate of fire ------------- 12 to 15 rounds per minute. 


` 


Maximum range ------------------------- 2,653 meters. 


Maximum effective range g- Nfg 460 meters. 
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COMMENTS ON HASC SUBCOMMITTEE FINDINGS AND RECGLSENGZATIONS 


General 


After a thorough and critical review of well over 3500 documents 
pertaining to the M16 weapon system, it would appear that there exists 
the necessary documentation to either support or refute most of the 
findings of the HASC Special Subcommittee on the M16 Rifle Program. 

An attempt has been made, in view of the many system changes, to 
time phase the various responses to each finding. It was thought that 
possibly sone correlation with events external to the system might 
exist. Other than the propellant controversy, this does not appear 
to be the case. 

In the point-by-point review which follows, three responses аге 
provided to each finding. Under the heading Pro, data which would 
support the allegation are provided. Data which would refute the 
allegation are listed under Con. The opinions of the review panel, 


as a result of this detailed review, are provided under Opinion. 


. Detailed Cozments 


1 


me 


"That both Army and Marine Corps personnel have experienced 
serious and excessive maifunctions with the М16 rifle, the most serious 


— ———————— äwk — — 


eing the failure to extract the spent cartridge." 


Pro: 


Documentation at all levels within DOD since 1962 have surfaced 
excessive malfunction problems, the most serious being failure to 


extract the spent cartridge. 


Inclosure 5 FOR 020171 


3 USE On 


. а er еден s 


e 


— __ ава Мет рама 


n 


— . —ͤ̈ AR лж EA R E сено имено овој ки — ань = 
+ tet ien Lut 4 hM + ... at 


oh eta as од де . ада onn 


Con: 
This problem was recognized prior to 3:M:y 1957 and was the basis 


for chrome plating the chamber and changing the buffer, 


Opinion: þer < ^'* 
The design changes were incorporated without the benefit of tests 


to substantiate improvements. Concur with the finding. 


2. "That proper care and cleaning are of the utmost importance 
to the effective operation of the rifle." 


Pro: 
There is no doubt that care and cleaning are important to the 
effective operation of a rifle; the M16 is no exception to this 


rule, especially in the environment of Vietnam. 


This finding conveys the inference "of utmost importance to 
the effective operation of the M16 rifle." Severe environment 
tests have shown that this statement applies not exclusively to 


the M16 but to all modern automatic wes,ons. 


Opinion: 5 
VE DE | ^os An 
Concur with the finding. 1 


3. "That shortages of cleaning equipment, lack of proper training 
and instructions contributed to the excessive malfunction rate of the 


Mló rifle in Vietnam." 

Pro: 
The requirement,for a chamber brush was identified by the USAF 
Marksmanship Unit, Lackland AFB and by the weapon designer. This 


information was provided to НО USAMC and HQ USACDC by the Project 
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Manager, Rifles on 3 June 1963. A contract was not awarded for 
mrecurement until 10 Мау 1965. As of February 1968 all riflemen 
in Vietnam still did not have a chamber brush even though adequate 
stocks were available in theater. 

There have been cases of inadequate and improper training 
on the M16. as evidenced by the number of mena who lubricate 
ammunition and fail to zero their weapons. Weapons and ammunition 
are not adequately inspected for maintenance because the supervi- 
sory personnel have not been given sufficient training with the 


weapon, 


These conditions have no dovbt contributed to the excessive 


malfunction rate of the M16 in Vietnam. 


It is true that shortages of cleaning equipment and lack of 
proper training and instruction contributed to the excessive 
malfunction rate of the М16 in Vietnam. However, it must be 
recognized that this system was introduced on an expedited basis 
at the request of COMUSMACV in December 1965, Accelerated intro- 


duction of the M16, although without adequate logistical support, 


. provided the US units a great increase in firepower in spite of 


its malfunctions and permitted those units armed with the M16 to 
repulse eneny assaults and achieve impressive successes throvgh 


the aggressive use of this automatic firepower capability. 
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The Chief of Staff, Army's concern in this find-as zesulted in 


a special survey being conducted in Vietnam to assess the current 
status. This survey confirmed that the finding was true. Since 
the HASC report was published, the following significant actions 
have been taken: 


a. Project Manager-Rifles branch office established in Vietnam. 


b. Re-emphasis through USARV command channels of the importance 
of training and maintenance. 


The Chief of Staff, Army approved: 


(1) The initiation of a 12 hour block of instruction to 
be given to soldiers during BCT who ere to be assigned 
to combat arms AIT. 


pipe n ESR 


(2) The сспуег5їоп of the entire basic rifle markmanship 
program in BCT from M14 to M16 rifle as the weapons 
become available. 


(3) The conversion of 211 non-Vietnan- oriented infantry 
AIT to Vietnam-oriented AIT. 


CGUSCONARC has directed the initiation of a 4 hour block 
of mechanical апб maintenance training for all Аслу 
training centers and schools for supervisory personnel. 


mm " 
— — 0. 


А survey team will return to Vietnam in June 1968 to 
determine what improvements have been mede and to recommend 
further improvements. 


4. "That various levels of состсасд in both the Ахлу and the Marine 


Corps have been negligent in failing to provide proper supervision in the 
care and cleaning of the rifle, as well as faiiing to distribute cleaning 


material and written instructions." 2 
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Pro: 


It is generally true that various levels of ccamand have been 
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negligent by failing to provide proper supervision in the care 


i 
5 К кг ТҮ 7% em АЗ D p 7 
[ НТ Ma. ` 3 
i t з sa 813 18 
х 
ї 


" се 
.... 
“-- 
РУЦИ 
к= 
ре 
' 
би 42 
Гэсэн 
С» 
er re 
=> < 
`. 
= 


and cleaning of the rifle, as well as failing to insure the 
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proper distribution cf cleaning materials. Appropriate written 


instructions were widely distributed and evidence would indicate 
excessive reliance on written instructions rather than on соп- 


tinued command supervision. 
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The rapid introduction of the М16 rifle into combat meant that 
in most cases commissioned and noncommissioned officers respon- 


sible for supervising care and cleaning were themselves unfamiliar 


with the weapon, It is clear that from the time of the visit to 
Vietnam of the Project Manager's technical assistance team in 
) October and November 1966 the Army took significant steps to in- 
crease the awareness of maintenance problems, to improve training, 
and to assure more adequate availability of cleaning materials. 
Opinion: Далели | 
While there is no evidence of culpable inattentiveness, the finding 


is basically true. Concur. 


5. "That the past experience of the Army with the M16 rifle in 
- Vietnam was not properly called to the attention of the Marines when 
Е: - the weapon was issued to them in Vietnam." 2 


Pro: - 
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No data have been located which could in any way support this 


> 


finding. 


Con: 


e 


In addition to participation in the Joint Technical Coordinating 


Committee, the Marines conducted a special evaluation of the M16 


. `5 


in March 1963. THe USMO participated in the SAWS evaluation ` > 
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and have been provided with continual data concerning the M16. 
The Project Manager-Rifles personally visited the III Marine || 
Amphibious Force in Danang in November 1966, informed them of E 
the problem that the Technical Assistance Team had found, and ] š 
offered the assistance of the team to the Marine Corps. This 
offer was refused. Prior to the issue of M16s to the USMC in 


March 1967, 2000 copies of preventive maintenance pamphlet 


Ї > vided as requested. Army contact and customer assistance teams 


1 

1 
USARV 750-5 were provided to III MAF, Resupply has been pro- I 1 

1 

| 


have visited III MAF repeatedly from 1966 to date. 


— 


2: Opinion: 


Non-concur. 20-4 | 


6. “That the major contributor to malfunctions experienced in 
Vietnam was ammunition loaded with ball powder." 
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It was established during the hearings that the Army realized 
in late 1965 that the use of ball propellant loaded ammunition 
in the M16 caused an excessively high cyclic rate and more 
visible fouling than IMR 4475 or 8136. A comparative test con- 
ducted at Frankford Arsenal reported in February 1966 that: 
Cartridge lot WCC 6089 (ball propellant) gave a lower 
chamber pressure, a high port pressure, a higher cyclic 
rate, a greater malfunction rate, greater fouling, more 


variation in velocity due to variations in handling and 
less bore erosion than did lot ВА 5074 (IMR propellant). 
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| Er 1.0 There is, no evidence, to, date which,would refute . the) content ion ) `, 
that increased fouling has increased the failure rate, 


Con: 
It was established during the hearings that the principal mal- 
functions caused by too high a cyclic rate created by ball pro- 
pellant are various kinds of failure to feed and failure of the 


bolt to remain to the rear after the last round is fired. 


Failure to extract is the most serious malfunction experienced 


by U.S. Forces in Vietnam and this malfunction has not been 


pesitively identified with ball propellant. Rather, it is due 
to poor cleaning, worn extractors and extractor springs, and 

) corroded and pitted chambers. This problem was recognized and 
was the basis fcr the Army's decísion to íncorporate a chromed 


chamber. 


Opinion: ч 


In terus of total malfunctions experienced, the finding is 


correct. In terms of severity of malfunction, the finding is 
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incorrect. Non-concur in finding as stated. omy и 
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7. "That the change from IMR extruded powder to Pall propellant 


in 1964 for 5.56mm ammunition was not justified or supported by test 
data." | 


ro: 


Prior to May 1964, the only propellant accepted for use in 5.56mm 


ammunition was IMR 4475. The commercial specification which was. 
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"P used for initial procurement, specified "extruded grain propel- 


lant," While there were problems concerned with meeting speci- 
fications on chamber pressure vs velocity with IMR 4475 propel- 


lant, there were also problems of meeting the cyclic rate speci- 


i fications with ammunition loaded with WC846 ball propellant. 
These latter problems would have been detected had adequate 
tests been conducted prior to making a decision on propellants. 

Con: 
Arguments can be developed as to the wording of the finding, 


there is no documentation 10 the record which would indicate 
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) tification was not based on test data. 


Opinion: 


1 
Е | that adequate testing was done to support the change. The jus- 
1 


. i 
Non-concur with the finding as stated. | 


8. "That the sole-scurce position enjoyed by Olin Mathieson on 
ball propellants for many years and their close relationship with the 
Army may have influenced the decisionmakers at Army Munitions Command, 
Army Weapons Command and the Army Materiel Command. The House Armed 
Services Committee repeatedly has cautioned the military departments 
against sole-source procurements. Therefore, it is recommended that 
the General Accounting Office conduct an audit and investigation of 
the contracts awarded to Olin Mathieson for ball propellant loaded in 
both 5.56mm and 7.62mm ammunition and the justification for soie- 

. Source procurement over the past 26 years." 


Pro; 
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No data have been identified which would indicate that the re- 
lationship between Olin Mathieson and the Army may have influ- 


enced decision-makers. This matter is currently being investi- 


„вазе by thé САО. А report is anticipated by 15 June, 
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ТЕ is true that the Army has at times been in a sole-source 


position with Olin Mathieson as to propellant for 5.56mm ammu- 
nition, but this is the result of circumstances beyond the Army's 
control, The Army has made efforts to attract other companies 

to manufacture of satisfactory military propellant, but with 


little success. 
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Non-concur with the finding. 


9. “That a number of modifications to the M16 rifle were made 
necessary only after ball propellant was adopted for 5.56mm ammunition." 


Pro: 
Changes made necessary by ball propellant fall into three cata- 


gories: (1) strengthen parts which were failing due to added 


stress associated with high cyclic rate; (2) change finish to 
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prevent accumulation of carbon deposit; and (3) slow down cyclic 


rate. Examples are: 
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16 Jun 65 Change hardness of bolt 

13 Sep 66 Shot peen bolt face 

16 Sep 66 Chrome plate bolt carrier key 

16 Jul 66 Change action spring guide assembly (buffer) 
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Мо data have been developed which would refute this finding. How- 


muy 


ever, a buffer modification was also required to correct "ring spring" 
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failures. 
inion: - — 
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Concur with the finding. 
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` recently completed by the Army, 
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10. "That the AR15/M16 rifle as initially developed was an 
excellent and reliable weapon." a’ G N 


Pro: 
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Although numerous modifications were recommended to improve the 
military utility of the weapon, early service tests considered 
the AR15 a potential replacement for the М14 and/or the carbine. 
These findings were also reached by the Advanced Research Project 


Agency (ARPA) and the OSD Comptroller. 


While the assessment is subjective as stated, one can also 


state that today the М16А1 is an excellent and reliable weapon. 
Con: 


The AR15 as initially developed (pre 1959) had many minor short- 
comings which required modification before it was an acceptable 
weapon. Prior to 1962 the malfunction rate was as high as 14 
malfunctions per 1000 rounds. The overall malfunction rate 
dropped to 3.0 per 1000 rounds during the 1962-63 evaluation 
and is currently 3.4 per 1000 rounds. 

Opinion: + (o EDO 
Non-concur with the finding. 
11. That certain modifications made to the rifle at the insis- 


tence of the Army were unnecessary and were not supported by test 
data." 


Pro: 
The Project Manager, COL Yount, testified (Hearings, page 4701) 
Ё that he was unable to justify the bolt closure device оп the 
basis of prior tests. The change in barrel twist, the new buffer, 


and the chrome plated chamber are each the subject of tests only 
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| While there were conflicting opinions as to the necessity of сег- 
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T ! tain modifications, the need was considered as 2 basic requirement. 


Opinion: Ф: 4 


are differences іп opinion on the necessity for certain changes. 


! 12. “That two of these modifications increased the unit cost of 


the rifle substantially and another decreased its performance charac- 
teristics. These modifications were the bolt closure device, chrome 


plating of the barrel chamber and the change in barrel twist." 
Pro: 


Coucur with the finding. It should be noted, however, that there | 
| 
! 


á————— 


The bolt closure device was initially procured at a cost per rifle 


of $4.54 (Hearings, page 4701). The estimated cost of the chrome 
plating of the chamber (Hearings, page 4692) was put at a little’ 


over one dollar. Actual cost has been reported to be $.93 per 


' 
emat 


weapon. The change in barrel twist from 1:14 to 1:12 decreased 
the bullet lethality (Hearings, page 4975) and is still not con- 
Sidered necessary by Army expert witness. 

d 
While two of the changes did increase the unit cost, an increase 
of less than 5% is hardly considered substantial. The decrease 


- = z Е in performance apparently refers to a decrease in lethality which 
resulted in an increase in accuracy. The true measure of system 
У ° performance includes accuracy, lethality, rate-of-fire, reliabil- 
ity, durability, ease of maintenance, etc., and is not yet well 
defined within the Defense establishment. 
. Opinion, “s | 
Non-concur with the finding. An. increase in unit cost of about 


rJ: $5.50 is hardly considered substantial in view of total system cost. 
It is true that the change in barrel twist did result іп a slight 
decrease in lethality. 


7 Fio у | 
1-2 B | 
i | 
13. "That corrective action on deficiencies reported and product i 
4 improvement of the weapon have been unnecessarily delayed,“ „„., 1) 54 | 
Рго: | 
A chamber brush was requested by the USAF and considered necessary 
by the weapon designer in 1963; yet it was not issued in the field 
until 1966. An on-weapon storage well for cleaning material was 
proposed by the manufacturer in 1964 and is not in production to 
date. High cyclic rate and fouling were reported in the 1965 SAWS 
| evaluation. The new buffer retrofit was delayed until 1967 because 
| 
| of cold weather testing which it still does not pass. 
Con: 
| : The bolt closure device and the chrome chamber were expedited i 
` 1 
Š ) into production. i 
ї 
l Opinion: Р i 
| one ta = “> . i 
! Concur with the finding. 3 
| 14. "А sole source of production of both the ball propellant and 
| the M16 rifle have contributed to the delay in product improvement and 
š the corrective action required." 
| И Pro: | 
| M No data have been located which would support this finding. 
| Con: . s 


The record reflects total cooperation on the part of the contractors 
in correcting identified deficiencies and proposing product im- 
provements. Ап examination of defense systems other than small 


arms indicate that through concept definition and total package 
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procurement a sole source results in the most economical method 


of procurement. . 
у 22.0) 2721211 1 3 ‚2 у .)% 41%, » 


Opinion: 
z^ .. 


Non-concur with the finding. 
15. "That officials in the Department of the Army were aware of 


the adverse effect of ball propellant on the cyclic rate of the M16 rifle 


as early as March 19€4, when it was brought to the attention of the 
Technical Coordinating Committee, yet continued to accept delivery of 
additional thousands of rifles that were not subjected to acceptance or 
endurance tests usin: the ammunition of greatest density in the field 
and in the supply system (ball-propellant - loaded ammunition). Up to 
September 1966, about 99 million rounds of 5.56mm ammunition were con- 
sumed in Vietnam, of which 89 million rounds were loaded with ball 


propellant." 


Pro: 
Mr. Hutchins, representing Colt's Firearms Division, advised the 


Joint Technical Coordinating Committee (JTCC) on 24-25 March 1964 

of the fact that WC846 ball propellant increased the cyciic rate 
above that required by specifications and also increased the sound 
emitted by discharging the weapon. On 3-4 June 1965 at the JTCC he 
requested Government-furnished equipment with which to investigate 
the reason for the increased cyclic rate. At a 12-13 January 1966 
meeting of JICC Frankford Arsenal reported on their test of December 
1965 which indicated a higher cyclic rate for the M16 rifle with 
WC846 ammunition than with IMR 4475 ammunition. Through attendance 
at and review of the minutes of the JTCC and еке of messages 
pertaining to freezing IMR loaded ammuition for Colt's testing, 
officials at Department, of the Army were aware of the effect of 


ball propellart on cyclic rate. 8 


e 
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When faced with the possible alternatives, the M16 Project Manager 


took actions, within his authority, which in his judgment seemed 


appropriate. He felt that the cyclic rate problem was caused by 


rifle quality control. 


Opinion: 


— 4 هدمه‎ 
Concur vith the finding. 


16. “That the rifle project manager, the administrative contracting 
officer, the members of the Technical Coordinating Committee, and others 
as high in authority as the Assistant Secretary of Defense for Instal- : 
lations and Logistics, knowingly accepted М16 rifles that would not pass 
the approved acceptance test. Colt's officials advised the Army that 
more than half of the rifles would not pass the acceptance test on cyclic 
rate if they were made to use both ball propellant and IMR extruded 
propellant іп their testing procedure. Colt's was allowed to test using 
only IMR propellant at a time when the vast majority of ammunition in the 
field, including Vietnam, was loaded with ball propellant." 


Pro: 


The minutes of the Technical Coordinating Comittee reflect that 


the above mentioned offices were represented at the meetings and 


were provided with copies of the minutes. The minutes also re- 


flect that the subject matter was discussed. 


Con: 
No data have becn located which would refute the finding. 
— 


Opinion: 4. 


Concur with the finding. 


17. "That the failure on the part of officials with authority in 
the Army to cause action to be taken to correct the deficiencies of the 


5.56am_ ammunition borders on criminal negligence." 
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No data have been located which would support any willful 


TT 


negligence on the part of officials within the Army to cause 


corrective actions to be taken. 
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After а complete and comprehensive review of the Small Arms 
Weapon Systems (SAWS) Study which surfaced system deficiencies 
at a high level, broad and significant direction was provided 

to investigate cause and effect relationships on the reported 
malfunctions and to make the necessary corrective actions. This 


direction was provided in 1966. (Ref: CSM 66-485). 


i 

H 

i 

3 

3 

1 

| 
Opinion: : 
алу * i 
Non-concur with the finding. : 

18. "That there still is по proof that the modifications proposed 

i 

i 

i 

i 

| 

| 

i 

H 

i 
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will eliminate the maifunctions exverienced with the М16 in Vietnam. 
It is recommended that the Department of Defense direct and expedite 
a thorough and objective test by an independent orgarization of the 
weapon system consisting of the modified rifle and the ammunition in 
Vietnam, as well as both types of propellant currently being loaded in 


5.560 ammunition." 


Pro: 


PI e Bal hua su Ц боео inni автын 


A review of the record reflects that there was no proof that the 
- БИО 2 
Modifications (buffer and chrome chamber) made to the M16 would 


eliminate the malfunctions experienced in Vietnam. 


| и аг 


Con: 
No data are available which predate the committee report which 


refute the finding. 
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Concur with the finding. However, the independent test con- 


ducted verified the value of the changes in question. Ма1Ғипс- i 


m 


tions have been reduced but vill nevcr be "eliminated", 


19. "That the fouling characteristics of ball propellant will 
require continued emphasis on proper care and cleaning of the М1б 
rifle.  Carbca deposit buildup will continue to pose a problem for 
the extractor, various parts of the bolt mechanism, bolt carrier key E 


the gas port, and possible other areas in both the upper and lower 
receiver." 
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Pro: 


All reports of test reflect a higher level of visible fouling 


ER IURE 


with ball propellant than with IMR powder. The independent test 


conducted by WSEG in Panama reflected an increase in failures to 
fire with ball propellant and the new chrome chamber. This was 


due to carbon buildup on the shoulder of the firing pin and the 
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firing pin well in the bolt. 


d 
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pum 
No data have been located which refutes the fínding. 
Opinion: Eora Е 
- Concur with the finding. 
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: 20. "That there is a possible pressure mismatch between tracer 
and regular ball ammunition that could cause the rifle not to operate 
properly." 

Pro: 
An Army study and analysis of the internal ballistics mismatch of 
- 5.56mm ammunition in January 1967 recommended that по changes be made 


while 57% of the tracer ammunition was mismatched. 
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In November 1967, which is, admittedly,after.the, allegation yas у) ., 
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made, tracer ammunition loaded with ball propellant was suspended 


except for training. The reason for the suspension was projec- 
tile breakup, This results in ammunition with the least possible 


mismatch from among the available alternatives. 


Opinion: , 
— lke * 4. A. 


Concur vith the finding for the period prior to November 1967. 


21, "That there was a shortage of M16 rifles for training purposes 
both in the United States and Vietnam at the time of the approval of 
the sale of 20,300 rifles to Singapore." 

Pro: 

The report provided to the НАЗ? by DOD (An Appraisal of the M16 

Rifle Program) stated that the Army could have used the rifles 

being sent to Singapore. 


Ë m . 


Con: om 
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No data has been located which refutes this finding. 
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Opinion: 


Concur with the finding. Ё 

А E. 

i М 

22. "That there was a lack of proper coordination between the à i а 
State and Defense Departments on the sale of rifles to Singapore." 5 


Pro: Жа 776 Ves i 
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The report provided to the HASC by DOD (An Appraisal of the М15 


Rifle Program) stated that: "Тһе export license was issued with- 


out consulting the Department of Defense beforehand." 
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| No data which refutes the finding have been located. 
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: Concur with the finding. 


23. "That no instructions regarding tightening of production 
quality controls were issued by the rifle project man- ес, Army Materiel 
Command, or anyone in high authority after continued reports of mal 
functions were received from Vietnam. The Government inspector at Colt's 
plant took the initiative only after reading newspaper reports of prob- 
lems being experienced. These newspaper reports were not published until 
about 6 months after notices of excessive malfunctions were received by 
the rifle project manager and the Army Materiel Command. The only in- 
spection tightened as a result of these adverse reports was the one on 
barrel chambers. This tightened inspecticn revealed an excessive number 
failed to meet the specification. It is difficult for the subcommittee 
to understand why quality controls were not tightened immediately upon 
receipt of adverse reports from the troops in Vietnam." 


Pro: " 


^ 


No data which predates the subcommittee report have been located 


which invalidate the finding. 


i 


Con: 


The report (An Appraisal of the M16 Rifle Program) provided to 


х 


the HASC by DOD stated: "Тһе statement is essentially correct. 
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Quality control provisions are being reviewed for adequacy." 
Opinion: Jia ce 
Concur with the finding. Since the time of the subcommittee 


report, the following actions have been taken: 


" 
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а. QA Directorate at WECOM started running QA audits and 


vee ш » 2 key inspections іп, November 1967. „„ „ „ 


b. Joint QA Committee (DCAS/AMC) established in January 1968. 


4 


c. А revision to the current M16 Acceptance Specification 
(SAPD 253-B) has been prepared and is under review. 


24. "That the bias and prejudices of individuals associated with 
у | rmy commands or agencies responsible for development and testing of 
| E weapons made it extremely difficult for higher authority to obtain 
objective information upon which decisions should have been made relative 
to the rifle program." 


Pro: 


Бэрэн ший 


Perhaps the most dramatic illustration to support this allegation 
is a comparison of range requirements for small arms. The range 


requirement stated for the M14 was a specific lethality at 500 


meters. One complaint against the M16 has been that it had in- 


sufficient lethality at 600-900 meters. At the same time, those 


` who complained about the lack of effective range оп the M16 were 


proposing SPIW which had a required lethality equal to that of 


the M14 out to a range of only 400 meters. 


The only document located which formally supports this 


allegation was the IG investigation of the 1963 Rifle Evaluation 


study prepared by DCSOPS. 


Con: 


No data were located which would refute this finding. 


Opinion: а. 
Concur with the finding. 
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| 25. "That the Army system of development, production and intro- 

( ` duction of a new weapon into the inventory should be thoroughly reviewed 

| to determine if the rifle program is typical of the manner in which the 

' Army operates. The manner in which the Army rifle program has been шап- 
aged is unbelievable. The existing command structure was either inade- 
quate or inoperative. The division of responsibility makes it almost 
impossible to pinpoint responsibility when mistakes are made. There is 
substantial evidence of lack of activity on the part of responsible of- 
ficials of highest authority even when the problems of the M16 and its 
ammunition came to their attention. It appears that under the present 


system problems are too slowly recognized and reactions to protlems are 
even slower. 


The rifle project manager doesn't appear to have control over 
ammunition. Yet, the weapon system consists of both the rifle and am- 
munition. It is possible that internal politics and jealousies between 
the Army Weapons Command and the Army Munitions Command are roadblocks 
to the successful management of new weapon systems." 


Pro: 
While this finding is subjective in nature and embraces eight sub- 
issues, it basically is a castigation of Army objectivity and man- 
agement of small arms programs, Any review by persons other than 
those directly involved with the M16 rifle program would probably 


result in very similar findings. 

Con: 
The Project Manager-Rifles is responsible for overall management 
of ammunition peculiar to his rifle systems until type classified 
"А". After the ammunition is type classified "А", he retains over- 
all responsibility for gun/ammunition compatibility and partici- 
pates in and approves design changes in ammunition which affect 


the military, technical and operational characteristics of his 


weapon systems, 
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Concurrence is not required. Position: The M16 rifle program 
was atypical of Army management programs and was further compli- 


cated by intense emotionalism throughout the Government. This 


рл 
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rifle entered the inventory as an "off-the-shelf" procurement 

and did not go through the normal research and development process, 
This Stollen was recognized and in the late summer of 1966 28 ine 
tensive review was conducted which resulted in key decisions and 
positive guidance. Since then the following significant actions 
have been undertaken: 


а. Test regulations strengthened. 


с. Army Small Arms Program established. 


These actions should increase high level visibility and prevent 
recurrence of the types of problems experienced on the M16 rifle. 


26. “That it was at least unethical for Major General Lynde to 
Accept employment with the producer of the M16 rifle upon his retire- 
ment from the Army. General Lynde was Commanding General cf the Army 
Weapons Command throughout the negotiations for the first Army pro- 
curement of the M16 rifle and, in fact, approved the terms of the 
contract negotiated by his subordinates." 
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.Pro: TM 
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| 
b. Army Life Cycle Management Model approved. x | 

| 


No data have been located which would substantiate this finding. 
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almost any high level Government official upon entry into private 
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Congress has) sge: led out in*cdnsiderabld detail the rules of con- 
duct to which a retired Regular Army officer must adhere. These 
include 18 U.S.C. 281, 37 U.S.C. 801(c), 18 U.S.C. 283, 13 U.S.C. 
207(a), апа 18 U.S.C. 207(b). The statutory restrictions are am- 
piified by DOD Directive 5500.7 and Army Regulation 600-50. 

It does not appear that General Lynd's acceptance of private 
employment was contrary to the standards of conduct prescribed by 
statute or by Department of the Army regulations, 

Opinion; олу 

Non-concur with cue finding. 

27. “That minimum effort was expended by the Army and the Depart- 
ment of Defense in attempting to acquire production rights and technical 


data package for the purpose of establishing additional sources for 
production of the M16 rifle. 


Based on Army reports in 1962 and 1963, there was reasonable 
doubt that the 1963 buy was to be only a "one-time-buy' for the Army. 
The 1966 anslysis of the SAWS study and the rifle procurement plan 
proposed by the Army clearly indicated the need to acquire the rights 
and data package, yet the Army failed to complete negotiations of а 
contract until mid-1967. The 1965 procurenent contract was amended in 
June 1966 to increase the quantity by an additional 300,000 rifles. 
The same amendment provided for negotiations to be completed on the 
terms for acquiring technical data and production rights not later than 
December 1, 1966. The negotiations were not completed until over 1 
year later; June 30, 1967." 


Pro: хай. 
No data have been located prior to 1964 to support a “reasonable 
doubt that the 1963 buy was to be only a “one-time-buy" for the 


Army." The remaining parts of the finding are a fairly accurate 


historical record. 
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The цамаан large ее for the М16 rifle is the result of 
) > "у јаз.) $7 3. 72) ا‎ аз » 


three major factories (1) the Vietnam buildup; (2) the discovery 
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that the slower-firing М14 was less effective than the M16 in the 


conditions prevalent in Vietnam; and (3) the failure of the SPIW 


аи 


| development program, The SAWS Study was initiated by the Chief of 
i 
Staff, Army, in 1965 to determine what weapon system should be 


procured. Until the study results were available the Army was re- 


1 
luctant to commit itself to the M16 by procurement of the propri- 
etary rights and the technical data package. None of these de- 
i velopments were apparent when the initial, limited Army procure- 
: . ment of the M16 took place in the fall of 1963. 
( ) Opinion: өрөх 


Non-concur with the finding as stated. 


28. "That both the Army and Colt's failed to negotiate in good 
faith in an attempt to comply with the terms of the 1965 production 
contracti i.e., come to terms on the rights and data package on' or be- 
fore December 1, 1966." 

Pro: e 
At a May 1966 meeting with Mr. Benke, President of Colt's Firearms 


Division and Secretary Ignatius, Colt's agreed to negotiate in 


good faith. Ап original offer was submítted on 15 September 1966. 


At an 8 December .1966 negotiating session, Colt's offered to in- 


vest the entire originally proposed $9 miliion license fee into 


added facilities for the M16 rifle. Subsequent to this, three 


agreements were reached between the AMC legal counsel and Colt's 


only to be rejected and new guidelines established by higher au- 


thority. These were: 


LUSEORLY — 
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1 a. On 8 December 1966, an agreement which in essence offered i 
a second plant to be managed by Colt's in exchange for the : 
proprietary rights, i 
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i b. On 22 February 1967, agreement to a 55 percent royalty, 
a $4 million lump-sum payment, and commitments to pur- 
chase from Colt's requirements in excess of an educational 
order quantity for the first three years as a part of the 
Army's five-year procurement plan, This did not include 
the XM177 Sub-machine gun. 


с. On 17 March 1967, an agreement to add the XM177 for a 
total of $ 4.5 million and 5% percent royalty plus a pro- 
vision initially suggested by the Army for a higher roy- 
alty (11%) if the procurement of rifles exceeded 1.85 
million in the FY 68-72 period. 


In view of the above information which is available to the Sub- 


—— ——————8À—áÀ А 


committee, it would be difficult to refute this allegation. Mit- 


igating circumstances were that the Army representatives and the 


! f 
i ) Colt's representatives did not and do not yet know the magnitude 


l of the total requirement to establish realistic prices. M16 re- 


quirements are controlled at the JCS and OSD level. 


NET 2 
Opinion: i 
There is no evidence to indicate that there was a sound basis for 


the negotiations. ТЕ has not been possible for the Review Panel 


аша анна аа аа‏ ا —— ت اا 


to determine the motives of those involved in the negotiations, 


- 29. "That this lack of action delayed the establishment of addi- 
tional production sources by at least 7 months," 


Pro: 


' 
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History reflects that an agreement on the technical data package 


and the proprietary rights was not reached until late June 1967, 


Seven months after 1 December 1966. 


` Con: 


The implication made is that additional production sources were 


desirable when the record reflects that production was increased 


from 6,000 per month to 50,000 per month at no cost to the 


27 у , „5 3.3460 Ур Jy алалау y 0 % 28 390 ,7 3) 7 
Government. The insistance on multiple production sources for 
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small arms is contrary to currently accepted practices of total 

package procurement, has resulted in problems in previous rifle 

procurement programs, апё increased the total cost to the Government. 
Opinicn: Moy - t. 

Non-concurrence not required. Position statament: The finding as 


stated assumes the need and desirability of establishing additional 


production sources. The record reflects that production was in- 


creased to meet the needs of Southeast Asia by a factor of 8.33 at 
no cost to the Government, 


7) 30. "That based оп information and records made available by the 


contractor and the Army, it appears that Colt's has enjoyed an excessive 
profit on M16 production contracts to date. 


Colt's has enjoyed negotiated fixed price contracts on a 10 
percent profit rate basis. Our review revealed profits or 19.6 percent 
for calendar year 1965; 16.8 percent for calendar year 1966; and 13.4 
percent for the first 4 months of 1967. It is recommended that the 
General Accounting Office conduct a complete audit of Colt's military 
contracts to determine actual profit rates experienced, the adequacy 
of their accounting system and whether provisions of Public Law 87-653 


were circumvented." 


ЖТ £ 


Pro/Con/Opinion: P: р; ~ 


No data have been developed to support or refute this finding. 


On 13 May 1968, the GAO stated that their audit would be completed 


in "about six weeks." The last full-scale audit by the Defense 


Contract Audit Agency was conducted in 1966 in conjunction with 


the FY 66 contract. No major discrepancies were noted. The 
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U.S. Army Audit Agency responsibility for conducting audits of 


) „ I. 1% % % „% S 22) ار‎ РА 
contractors was terminated by Project 60. 1 1 


31. "It is recommended that proper action be taken by the Sec- 
retary of Defense and the Secretary of the Army to insure that the 
design, conizacting, procurement, manufacture, development, suppi., 


and testing of future weapons not suffer the same fate. 


The subcommittee recommends that the Secretary of Porense 
and the Secretary of the Army make adequate studies to dete: rine if ine if 
the abolishment by the Secretary of Defense of the Office o? the ‘the Chief 
of Ordnance (which was accomplished along with the abolishment of the 
position of other chiefs of various Army services in 196: ) could have could have 
been partly responsible for the failure of proper controi and super- 


vision in the matter of the M16." 
Status of Actions: 
The Chief of Staff, Army, hàs approved portíons of a major study 
which embraced the entire Army logistical system, Specific ac- 
tions applicable to the first recommendation are: 
а. Sweeping revisions to Army Regulations pertaining to mater- 
fel research and development, testing, and management.. 
b. Approval of асна life cycle management model. 
с. Establishment of the Arny Small Arms Program. 
These actions should prevent the reoccurrence of the deficien- 
cies noted on the M16 rifle — when they become fully 
operational. | 
The effect of the abolishment of the Office of the chief 
of Ordnance on the М16 rifle program has been reviewed. The 


record reflects that the early development (1958-1962) was 


under the Chief of Ordnance. The M14 program also experienced 


| 


difficulties in development, production, and test, and: in con-i) `, 
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troversy both within DOD and between DOD and the Congress. 

For example, the Ordnance Corps had, since 1928, opposed the 
change to a small caliber-high paises round even though re- 
peated tests indicated. its superiority over the caliber „30 
ог 7.6211 round. One can conclude that controversy is to be 
expected on rifle programs because of the many experts in the 
field. The new Army Small Arms Program should lend sufficient 


visibility to r:duce or eliminate this controversy, 
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а. 


DEPARTMENT OF THE ARMY 
OFFICE OF THE DEPUTY CHIEF OF STAFF 
FOR RESEARCH, DEVELOPMENT, AND ACQUISITION 
WASHINGTON, DG 20310 


REPLY TO 
ATTENTION OF 


DAMA-WSW 
1 РЕВ 105, 


MEMORANDUM FOR THE RECORD 


SUBJECT: Declasstfication Action - Report of the M16 Rifle Review Panel (С) 
dated 1 June 1968. 


1. The Report on the M16 Rifle Review Panel dated 1 June 1968 was prepared 
Гог the Office of the Chief of Staff of the Army, by the Office of the wy 
Director of Weapons System Analysis. The Ground Combat Systems Division, 
Office of the Director of Weapons Systems, Office of the Deputy Chief of Staff 
for Research, Development and Acquisition, 13 the successor to the originator 


of the report. 


2. This office has completed a review of subject report and appendices 1 
through 11 and has determined classification of Confidential із no longer 
needed. The report 13 now Unclassified. Selected extracts of the report are 
at Enclosure 1. 


3. Notification of this declassification wtll be forwarded to all 
distribution addressees and a declassified copy will be forwarded to the 
Defense Technical Information Center, Cameron Stat: on, for file. 


1 Encl е 


аз Colonel, GS 
Chief, Ground Combat Systeas 
Division 
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Appendix 1 


SMALL ARMS TEST POLICIES AND 


PROCEDURES ME ы 
А. Introduction 

Тһе purpose of this appendix is to describe changes that have 
been made in the testing program since 1962 and the policies and 
procedures as of May 1968; to outline the framework of the policies 
and procedures within which the M16 rifle was tested and to point out 
what further changes are needed. 

The discussion includes ar examination of the requirements of 
the Army Test Program; responsibilities for testing; standards of 
testing; control and coordination of test programs; and distribution 
of test reports; test procedures, as they pertain to small arms. It 


does not include matters pertaining to propellants (see Appendix 4), 


H 
* 


nor does it cover budgeting. 
This appendix provides the framework for the analysis of M16 


rifle tests and test procedures contained in Appendix 2. 


. FOR OFFICIAL USE ONLY 


FOR OFFICIAL USE ИУ 


B. Test Policies and Procedures 


As Applied to che M16 Rifle, 1962-1966 


Although the М16 rifle was first tested by the U.S. Army 
Infantry Board (USAIB) and the Development and Proof Services (D&PS) 
in 1958, 1962-66 was the period during which key rifle decisions 
were made. / It was also a period when considerable change in the 
administration and organization of testing took place. Both logistic 
and combat жеу activities were being reorganized and more 
centralized, Test names and test objectives were changed, and 
although the most significant of these changes have been pointed out 
in this discussion, it will be well to remember that while the name 
of a test may have been retained, the test methods have sometimes 
changed so that tests of the same name conducted on different dates 


may not be comparable. 


Requirements For Testing 


The five sets of tests inthe Army Test Program (1963) are 
shown in Figure 1-1. Note that certain tests may or may not have 
been required. These tests may not have been required if the objec- 
tives of the tests were satisfied by other tests as they were 


accomplished. 2 


During the period 1958-62, the Chief of Ordnance had the 
responsibility for Development and Proof Services and the Command- 
ing General, USCONARC, had the responsibility for the boards. 
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FIGURE 1-1 - FIVE SETS OF TESTS (1963) 


RESEARCH TESTS 


Researchl/ : Feasibility Study 
(or tests) 


DEVELOPMENTAL TESTS 


Engineering R&D Acceptance У Engineering?! Service?’ Confirmatory 
Design Type 1 
Component Military Potential ` свеска! 


Enginee ringl/ 


PRODUCTION TESTS 


Pr production?” Initial Production?’ Comparison? Accéptance Product 
| f Improvemen 17 
POST PRODUCTION TESTS 
Product Inprovenentl/ SucvetL Lancet Retrofitl/ 
USER TESTS 
en Troop е / Field Evaluations’ | клн К Эл 


Туре 1137 
1 br may not be required. 
2Required if a retest is needed because of deficiencies found in service test. 


3May be integrated. 
“Not materiel tests, although they normally furnish materiel data. 
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The objectives of the Army Test Program during the period of 
the М16 rifle testing and procurement actions (abouc 1958 to 1968) 
were to insure that new materiel met the approved Qualitative 
Materiel Requirement (QMR), Small Development Requirement (SDR) or 
other requirement documents; and to determine what changes were 
required to make new materiel suitable and safe for Army use. 2/ 

In addition to these two broad objectives, there were par- 
ticular Army regulations on safety, reliability, maintainability, 
maintenance support planning, airdropping and air portability. 
These regulations provided general guidance for materiel but did 
not provide specifications for actual test objectives. 57 

Test requirements published by Headquarters, Department of the 
Army (DA) were oriented almost exclusively toward Army-developed 
materiel. 

Satisfactory regulatory guidance was generally provided 
research and development tests except at Headquarters, DA level. 
However, little policy or guidance was provided for production 
tests, postproduction tests, or tests of unmodified commercial 


items Sl The policy was that service testing of unmodified 


AR 70-10, 18 Dec 62. 
3 
AR 705-25, 8 Jan 63; AR 705-26, 16 Apr 63; AR 705-35, 
20 Oct 67; and AR 750-6, 21 Aug 64. 


4 
Change 1 to AR 700-35, 25 Aug 67. 
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Хӛлісесіс Chief of Staff for Force Development (ACS FOR) was created, 
its responsibilities included those formerly assigned to DCSOPS, 

but were somewhat broader in scope. ACSFOR also was assigned 
primary DA staff responsibility for determining the overall military 
worth of Army materiel. 

The Commanding General, USAMC, was responsible for detailed 
planning, coordination, and supervision of research, development, 
production, and postproduction tests.’ 

Commodity commanders and project managers were responsible for 
planning and performing research, developmental (except eigineering, 
service, and check tests, which were the responsibility of USATECOM), 
production, and postproduction (except initial production) testing.9/ 
They were also responsible for initiating action to correct deficien- 
cies discovered during testing, for evaluating and distributing results 
of the tests listed above, and for preparing the coordinated test 
plan (стр) ,10/ The Project Manager, Rifles, 11/ was specifically 


responsiblel?/ for all phases of research, development, procurement, 


8 (ЗАМЕ 70-7, 30 Jan 64. USCONARC had responsibility for 
planning execution, evaluation, and reporting of confirmatory tests. 
The USAMC also nominated items of materiel for confirmatory tests. 


9 AMCR 70-7, 30 Jan 64. 


10 А CTP for the М16 was not prepared until the Small Arms 
Weapons Systems (SAWS) test in 1965. 


11 Formerly Project Manager, АК15, 
12 USAMC, АК15 Project Manager Charter, 6 Mar 63 
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production, distribution, and logistical support for the rifle and 
accessories; management of the PEMA program for the М16 rifle, 
accessories, components, and ammunition peculiar to the rifle system 
until it was type classified standard A. E/ 
The U.S. Army Test and Evaluation Command was responsible for 

independent evaluation of engineering, service, check, and Type 1 

confirmatory tests, and for establishing test objectives, preparing 
1 and approving test plans, and conducting these tests.l^/ usaTECOM 
also includes in the test plans provisions for testing in environ- 
mental chambers (located at Aberdeen Proving Ground) or at remote 
(tropic, desert, or Arctic) field sites.15/ The M16 was tested in 
the Arctic and in environmental chambers but it was never tested at 
the tropic or desert test center, 

USATECOM was further responsible for conducting other tests 
for commodity commanders and project managers upon request, and for 
assisting troop commanders іп the preparation of confirmatory test 
plans and the collection of materiel test data from troop tests and 


field evaluations. 


13 USAMC Project Manager Charter, 15 Oct 64. 


l^ АМ 70-7, 30 Jun 64. 


15 AR 705-15, 6 Oct 62. 
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USATECOM was also authorized to perform tests of materiel ог 
equipment for defense contractors or private industry, when such 
tests were clearly in the interest of national defense and when 
they were arproved by the commanding general of a USAMC major 
subordinate command and under regulations to Зе issued by the 
Director of Research and Jevelopment, usamc,L&/ 

U.S. Army Combat Developments Command (USACDC) was responsible 
for submitting to DA recomuendations for troop tests and field 
evaluations, including specification of the quantity of new materiel 
required, the test plan, the test site and the test costs (after 
coordination with NSCONARC) .17/ 

The U. S. Continental Army Command (USCONARC) was responsible for 
identifying and providing troop units to conduct confirmatory tests, 
troop tests, and field хилд 
Standards of Testing 

Standards of testing included prescribing the severity and 
duration of tests, sample size, statistical and scientific method- 
ology, and instrumentation. The DA requirements, which were general 

18; 


in nature, were specific only to the extent of stating that:— 


L.The best available scientific methodology be embodied 
in the test nlanning, programming, execution, evaluation, 


ls Change 1 to USAMCR 70-7, 30 Jan 64. 
17 AR 70-10, 18 Dec 62; USACDCR 71-7, 21 Jun 66; and USACDCR 
71-8, 15 Jun 66. . 


18 aR 70-10, 18 Dec 62. 
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and reporting. 


2, Progressive modernization programs for test procedures 
be maintained. 


-- 


3, Test methodology produce factual data to prevent 
personal bias from influencing the results. 


4. Confirmatory and troop testin: be conducted under 
conditions simulating tactical cperations by a platoon 
or larger unit. 


USAMC requirements concerning standards were also general in 
nature, In fact, USAMC has found that test standards during 1962-66 
were deficient in several respects: 


1. Technical guidance for the development and execution 
of а cohesive life cycle test program was not provided. 


2. Explicit test planning and design doctrine requisite 
to optimum test effectiveness was not established. 


3. The minimum sample size to demonstrate item performance 
with the exception of munitions was inadequate. 


4, Sample ranges and risk were not fully recognized. 


5. The tendency to establish test item requirements by 
rote was evident. 


i 6. Production materie: was not subjected to tests comparable 
in intensity to engin-ering-service tests, 


7, Tests were not always applied to successive generations 
of equipment (R&D prototypes, soft and hard tooled pro- 
duction models) аз necevs:ry со insure that test results 
would predic: пе ре. ѓо.л.зпсе «hich could b. expected 
from sut sequen: generations of mode 18. 19/ 
Controls and Coordination 
This section considers specific test controls, such as who approves 
19 MFR, USAMC, 21 Dec 66, Subj: Briefing to Commanding General 


AMC, re: Standards of Testing for AMC Materiel, Ltr, Hq, USAMC, 
16 Feb 65; Ltr, USAMC, AMCRD-DM P, 10 Jan 66. 
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test requirements, test plans, test reports, and type classifications, 
and the mandatory сво лека ба NM OENE TA There are, of 
course, many other general controls over testing activities, such 

as the assignment of responsibilities, the setting of standards, and 
the approval of budgets. 

DA principal control was that it had final approval authority 
for type classification of all materiel, including approval of the 
engineering and service tests, because the reports of these tests 
had to accompany the type classification ede e ec німі Ano ther 
control was that DA had а representative on in-process reviews (IPR). 

USATECOM had approving authority over plans for engineering and 
service tests (ET/ST) 22./ USATECOM was also required to coordinate 
CTP actions directly with 05АСРС, For the M16, DA approved the SAWS 
plan and test, which in effect fulfilled the objective of the Ef / Sr. 

USACDC was responsible for and controlled troop tests, field 
evaluations, and experiments, For sidan UsACDC conducted a field 
experiment with the М16 as part of the Small Arms Weapons Systems 
study at the U.S. Combat Developments Command Experimentation Command, 
Fort Ord, California. 

Distribution and Use of Test Reports 


DA had the following specific requirements for test reports: 23/ 


20 AR 70-10. 18 Dec 62, 


21 рд approved classification of the М16 as Standard А оп 
23 February 1967. 

22 AMCR 70-7, 30 Jan 64. 

23 AR 70-10, 18 Dec 62. 
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Engineering and service test reports were forwarded to DA 
along with recommendations for Standard A type classification, DA 
also required that these ET/ST reports go to USACDC for review. 
These reports were evaluated at IPR's to determine wnether sufficient 
action had been taken or what action was still necessary to correct 
deficiencies found during tests. 

For production and postproduction tests there was no DA 
requirement for distribution of test reports. For the М16, some 
but not all of the results of these tests were distributed to DA 
and USACDC, 

For confirmatory tests, if conducted, DA required that 
reports be forwarded to АСЗЕОК, There were no confirmatory tests 
recommended, conducted or needed for the M16. 

For troop тте and field evaluations, reports were sent 
to DCSOPS (later ACSFOR) for approval. 

USATECOM established the distribution of materiel test reports 
for which it had responsibility, although there were many 
mandatory requirements for ҮСЭЭ such as those established 
by DA. For tests which USATECOM performed for others, the agency 

requesting the test established the distribution of the report. 
Test Procedures 


Prior to 1962, the procedures used for service testing duplicated 
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in part those used in engineering testing. For example, service 

tests duplicated the engineering test procedure of firing weapons 

from bench rests. Procedures and methodology, for specifying such 
things as the size of the sample and the physical test conditions 
(amount of mud or dust), were normally designed by individual agencies 
and their application tended to be quite stereotyped. These and 

other shortcomings were recognized by USATECOM in 1964,29 and by 
the Study of Army Test and Evaluation (SATE) study in 1966. There 


have been gradual improvements in test procedures. The testing of 


the M16 is discussed in Appendix 2. 


| 
Ч — 24 ОЗАТЕСОМ Policy Statements No. 21 and 22, 17 Apr 64. 
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С.. Current Policies and Procedures 


2 


Any discussion of the policies and procedures now specified by 


regulations or other directives must take into account some changes 


that have been approved but not yet published in regulations. 


Since 1965 several studies have been made, ranging from Army 
logistics systems in general to test practices in particular. Among 
the more relevant were: The Study of Army Test and Evaluation con- 
ducted by the Chief of Staff, Army, in May of 1966, and known as the 


SATE study; the Report of the Department of the Army Board of Inquiry 


on the Army Logistics System, better known as the Brown Board report 


1 March 1967; the Report of the Committee of Four, February 1967;25/ 


6/ 


the Standards of Testing for USAMC Materiel, December 1966;— 2 апа 


the USAMC study of July 1967, Improvement in Testing Methodology 


and Instrumentation, 20 


Requirements for Testing 
The program is still oriented almost exclusively toward materiel 
development by the Army with little provision for commercially devel - 


oped mater iel. The comparatively minor changes that have been made 


in the names of the five sets of tests are indicated in Figure 1-2; 


the tests and their sequence in relation to the total life cycle and 


25 сом 67-51, 9 Feb 67. 


26 MFR, USAMC Quality Assurance Briefing for CG, USAMC, 
21 Dec 66, Standards of Testing for USAMC Materiel. 


e Contract DA EA 18-68-C-004, effective 31 Jul 67. 
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FIGURE 1-2 - FIVE SETS OF TESTS (Current 1968) 


RESEARCH TESTS 


4 а m ' vis .. П * aep : 3 ; 
Research А Feasibility Study 


(or tests) 


DEVELOPMENTAL TESTS 


Ь/ £/ 
Engineering R&D Acceptance Engineering ı Confirmatory 
ны КӨЛДЕ 22 
Component 
Engineering Military Potential eck 
; PRODUCTION TESTS 
` 
т тылға ЗА жауар атары и 
4 
' t 
! e/£/ ! | 
ее Comparison Prodtet 
Improvement 


POST PRODUCTION TESTS 


85 Improvement Surveillance Retrofit 


USER TEST A/ 


e/ £/ 
т 
! | 
! Confirmatery | Troop Field Experiments 
! Туре II I Evaluations 


——— f м... 


а. EI / ST may be integrated, 
b. The name Confirmatory Type I is being deleted and the purpose of this test is being 


integrated into preproduction and initial production tests (Draft AR 70-10, 28 Feb 68). 

. c. CRD is being made responsible for supervision and approval and DCSLOG is being made 
responsible for programming and budgeting of these tests (Draft AR 70-10, 28 Feb 68). 
© ACSFOR is responsible for User Tests to include confirmatory tests (AR 71-3, 


. 2469 68). 
е, The name Confirmatory Туре II has been changed to Confirmatory Test. 


f. Dotted lines indicate changes. S 
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the purpose and scope of each test are in inclosure 1-1. 
The objectives of the Army Test Program are: 
! То insure that an item meets the approved operational, 


technical and safety requirements in the environments 
in which it will be u gg, as specified in the approved 


requirements document—/ and to determine changes 
required to make the new materiel зоре Еог Акту 


use (e.g. to insure maintainability),—= 


) Тһе following additional objectives are being added to the above, 


30/ 


as a result of the SATE and Brown Board studies: — 


To determine the degree to which пем materiel for 
Army use meets each characteristic of an approved 
Qualitative Materiel Requirement (QMR) or Small 
Development Requirement (SDR) or other requirements 
document. 


To determine 1f any changes are required to make 
new or existing materiel safer or more suitable 
for Army use prior to ítem production. 


To validate provisions for human factors, skill, 
and knowledge requirements used to support training 
plans and qualitative and quantitative personnel 
plans. 


To determine characteristics of actual equipment which 
provides a basis for preparing individual and unit 
training objectives, methods and plans; for developing 
training aids and devices; for formulating maintenance 
concepts; and for preparing documentation. 


To provide input to the determination of the overall 
military worth of developmental materiel. 


To establish a baseline for future requirements when 


28 Qualitative materiel requirement, small development requirement, 
or other statement of requirement such as a separate letter. 


29 AR 70-10, 18 Dec 62. 
30 draft AR 70-10, 28 Feb 68. 
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cousidered in light of. technological, operational. , i 
and logistical advances and requirements, 


Requirements for Testing. Other than the broad guidelines and 
general objectives of the test program specified above, DA testing 
prior to the Brown Board and SATE study include one major 
specific requirement: a Coordinated Test Plan (CTP) must be 
written by the developing agency, and approved by DA (OCRD), 
for the engineering and service tests (ET/ST) when a Research and 
Development Test and Evaluation (RDTE) development project is 
initiated. 31/ Tae Brown Board and the SATE study made several 
recommendations that would increase the scope and detail of DA 
testing policy; for example, they suggested that the scope of 
the СТР be expanded to include not just ET/ST, but all develop- 
ment tests, These changes are being drafted, 32/ However, DA 
(DCSLOG) has not proposed any further regulations for productio: 
and postprocuction testing, (ncluding product improvement tests). 
Several USAMC testing policies have been amplified and 
tightened, even in the frequent absence of DA guidance. USAMC 
has prescribed testing during each phase of the life cycle of 


materiel and recently has added substantial requirements for the 


31 AR 70-10, 18 Dec 62. 


32 Draft, AR 70-10, 28 Feb 68. 
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testing of product improvements. Significant new policies 


" > 5 а asit ШЭНЭ ОН Line’ £ 5771 , 


аге: 


That testing include all critical components 
and major assemblages of end items which are 
Leing considered for significant modification, 
regardless of whether or not a model redesig- 
natior is involved. 


That testing include all equipment modifications 
which changed performance characteristics, effective- 
ness, operational capabilities of the item to any 
substantial degree, or when the modification, 
engineering change order or product improvement 

has a significant impact on fund resources to be 
expended or saved. 


Responsibilities for Testing 

Within the DA, primary staff responsibility is assigned to 
ACSFOR for the overall life cycle management of materiel, type 
classification actions and user tests; DCSLOG for pos tproduct ion 
tests, production tests, and logistical support aspects of all 
materiel tests; and CRD for research and developmental tests. 
DCSLOG and CW have overlapping responsibilities for preproduction 
and initial production tests. / 

USAMC is responsible for the detailed planning, coordination, 

36/ 


and conduct of all materiel tests previously described.“ USAMC is 


33 Ltr, USAMC, 15 Jul 67. 
34 CSM 66-418, 20 Sep 66. 


35 AR 70-10, 18 Dec 62. 


36 Page 6. 


1-17 


É ~ & хал 


oe 


v mme 


جه 


responsible for insuring that "adequate provision" be made for test 
and evaluation of all product improvements, 

Overall responsibility for a specific project within USAMC. 
remains with the appropriate commodity command or project manager 
throughout tbe entire development, production, and deployment 
Cycle of assigned materiel. After USATECOM provides an independent 
evaluation of prototype materiel through ET/ST, the commodity 
command or project manager ЕЕ is responsible for making 
corrections, resubmitting the item for test when necessary; and 
Starting action leading to type classification. 

USATECOM is responsible for the establishment of test objectives, 
preparation of the test plan, conduct and report of the test, and 
the evaluation and distribution of the report of ET/ST, check, and 
initial production tests 377 After July 1967 USATECOM was assigned 
the additional responsibility of conducting an independent evaluation 
and determining the suitability of product improvements, 35/ The 
product improvements on the M16 were made prior to this time. 

The USACDC role in testing activities is being жылта А 
change to regulations is being staffed that will make USACDC the 
approving authority for the Service Test Plan. Currently, USACDC 
18 responsible for testing and evaluating doctrine and organization 


in troop tests and field evaluat ions. / 


37 USAMCR 70-7, 30 Jan 64. 


38 Ltr, USAMC, Release of Equipment, 15 Jul 67. 
39 AR 71-3, 5 Feb 68. 
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USCONARC continues to be responsible: for providing units to , 
conduct troop tests, field evaluations, and confirmatory tests. 
Regulations are being drafted that will make USCONARC a voting member 
of IPR and system status evaluation (SSE). 

Standards of Testing 

In recent years there have been numerous studies undertaken 
and drafts written of new policies and procedures regarding test 
Standards. Principally the SATE study, in 1966, pointed out many 
Mons deficiencies, especially the need for more scientific 
methodology and instrumentation. 


Improved policy has been published by DA on maintainability and 


"reliability standards, 49/ Several studies are underway in USAMC to 


develop improved test methodology and instrumentation. The program 
has been executed slowly due mainly to the overriding priorities of 
current Vietnam actions. 

Specific progress is being made in some areas; for example, 
nearly a hundred of the new Materiel Test Procedures (MIP's) have 
been written and distributed; an j-scrumented small arms range is 
under development at Fort Benning; USATECOM has established an 
orientation course on materiel testing, for both scientific and 


technical personnel y USAMC directed in February 1966 that the 


40 AR 705-50, 15 Sep 67. 


5 USATECOM Ltr, 27 Маг 67, Subj: USATECOM Orientation Course 
on Materiel Testing (TECOM College). 
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number of items to be tested should be "sufficient to provide 
Statistically the greatest level of confidence in predicting the 
future performance";42/ USAMC is also preparing new regulations, as 
a result of work done by an ad hoc committee which studied standards 
of testing in 1966.43/ For highlights of this study see Inclosure 1-2. 
Control and Coordination 
There have been many attempts in recent years to improve the 
control and coordination of testing. A materiel life cycle model was 
approved which should provide for more disciplined procedures for 
control and coordination of all material actions. The life cycle 
model provides for formal in-process reviews at five specific points 
in the life cycle: concept formulation, contract definition, proto- 
type system, development acceptance (after engineering and 
service tests), and production validation (after initial 
production). As of May 1968, however, not all of the many imple- 
menting regulations had been published.44/ 
DA retains approving authority for new materiel by approving 
type classification actions. DA is represented at in-process reviews, 
and reviews test results that accompany recommendations for type 
classification. The Materiel Requirements Review Committee (MRRC) 
provides DA coordination and review of particularly costly or critical 
developments. The Chief of Staff Army, or the ACSEOR, as appropriate, 
42 USAMC Ltr, 25 Feb 66, Adequacy of Test and Evaluation Practices, 
43 MFR, USAMC, 21 Dec 66, Standards of Testing for AMC Materiel. 


44 The principal regulation on testing policy, AR 70-10, has been 
rewritten extensívely and is being staffed. 


= ` 
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' | Ў makes the decision based on recommendations of the MRRC, The formal IPR 
is followed by a System Status Evaluation (SSE) conducted by general offi- 


cers from USAMC, USACDC, and USCONARC to verify the utility of the sys tem. 437 
USAMC has set stringent controls on defects found in testing. 
For example, USATECOM is required to provide commodity commanders 
and project managers with reports which include failures, deficiencies, 
shortcomings, and suggested improvements discovered during all tests 
conducted by USATECOM, Commodity commanders and project managers 
are required to acknowledge receipt of such reports and to report 
action taken to CG, USAMC. 
USAMC has estatlished certain controls for materiel after 
type classification, Commodity commands assign a field representa- 
tive who accompanies initial distribution to the field to report 
any deficiencies found as the item goes into service.46/ 
A salient change is that USATECOM is now required to evaluate 
all product improvement tests and to make a recommendation on the 
suitability for issue of the equipment tested. 
USACDC continues to be responsible for conducting and 
coordinating troop tests, field evaluations and field experiments. 


USACDC continues to review and advise on all coordinated test plans.47/ 


46 USAMCR 700-35, 18 Jun 65. 
47 USACDCR 71-8, 15 Jun 66 and Draft, AR 70-10, 28 Feb 68, 
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The current draft DA testing regulation requires USAMC to 
distribute developmental test reports to DA (OCRD), USACDC and USAMC. 
Also, the new Logistical Doctrine aid Systems Agency will receive 
reports for all developmental tests through initial production tests 
for independent review of logistical implications, 48/ 

ACSFOR receives, staffs and approves the reports cf system 
status evaluation actions, which evaluate test reports and IPR 
recommendations. 

DA also requires that reports of user tests be forwarded to 
USAMC, USACDC and USCONARC for coordination, as applicable, and to 
DA (ACSFOR) for approval. 

The USAMC distribution of test reports has been generally 
satisfactory. | 

USATECOM continues to distribute reports for tests falling 
within its area of responsibility to appropriate commodity commanders 
or project managers, USACDC, and to designated USACDC agencies. The 
appropriate commodity commander or Pra jose manager determines the 
ТТ ТЕ for research, engineering design, comparison, and 
postproduction test reports. USsTECOM continues to prepare the final 
report of each confirmatory test and to send the report to Hq, USAMC, 
USCONARC, USACDC, and the appropriate commodity commanders and 


project managers. 


48 Draft AR 70-10, 28 Feb 68. 
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The director of a troop test or field evaluation is required ч 
to prepare a report and to distribute copies to: USCONARC, USACDC, 
the USACDC agency that monitored the test, and USATECOM, if requested. 
USACDC then determines the USACDC comnand position on the test report, 
based on the USACDC agency evaluation, and forwards the report to 
ACSFOR for approval 27 

Developmental test reports are reviewed at IPR's, SSE's, and 
MRRC's prior to being forwarded to ACSFOR; the actions are then reviewed 
by the MRRC, as applicable, and recorded by the Materiel Status Com- 
mittee (formerly Technical Committee). In USAMC, project managers 
and commodity commanders are responsible for the evaluation of test 
results and for all subsequent actions resulting from those tests. 
They are required by CG, USAMC to take corrective action or state 
why none is required, on ali deficiencies reported in tests conducted 
by USATECOM when USATECOM acts as an independent tester. 
Test Procedures 

There have been gradual improvements in test procedures, although 
problems still exist. Four general types of procedures have been 
evolving: engineering, service, production-postproduction, and user. 
Particular test procedures may be applied to tests other than the one 
suggested by the procedure name; for example, service test procedures 
are normally used for check tests, Engineering and service test 
procedures are outlined in this Appendix, Inclosure 1-3. Production 
— 49 USACDCR 71-8, 15 Jun 66. 
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and postproduction test procedures are discussed in Appendix 5. User 
test procedures are adapted to answer the objectives of a particular 
test, and they vary from test to test, Heavy reliance is placed on 
questionaires and observations. 

In summary, the АК15 (М16А1) project manager position was 
established in March 1963 and the AR15 (М16А1) weapon was established 
as a PEMA project upon being type classified for limited production 
іп Мау 1963. The principal tests on the АК15 (М16А1) from 1963 until 
the present were product improvement tests, The SAWS tests conducted 
in 1965 served as the Engineering and Service tests, Мо Department 
of the Army policy guídance for product improvement testing existed 
until 25 August 1967 when change 1 to AR 700-35, Product Improvement of 
Materiel, was published. At the USAMC level the only guidance оп 
product improvement testing prior to July 1967 was the requirement 
to test improvements that required a change in model nomenclature, 
This requiremant pertained to only one product improvement on the 
M16A120/ USAMC guidance on product improvement testing was not 
strengthened until July 1967, Therefore, Army policy for testing 
of the М16А1 was inadequate prior to July 1967. 

The fact that deficiencies existed in Army testing policy was 
recognized by the Army Staff and USAMC as early аз 1965. Аз а 


result, study efforts were directed to determine the deficiencies 


50 The forward bolt assist assembly. 
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` and to recommend steps to correct the problems, Recommendations 

| of the study efforts, which were approved by the Chief of Staff, 
Army, and the Commanding General, USAMC, currently are being trans- 
lated into policy. For example, the new regulation on testing 
during the developmental and acquisition phases of the life cycle, 

AR 70-10, was still in the draft preparation stage on 31 May 1968, 
It will require time before all of the new testing policies are put 
into action at all levels of the Army that are concerned with testing 
and before it can be determined if these steps will, in fact, 
correct the identified deficiencies. 

Some policies pertaining to testing during the small arms 

life cycle are still insufficient, For example, no DA regulatory 
guidance exists for production and post production testing and DA 
guidance on product improvement testing ís limited to the require- 
ment that provision for such testing be included in plans for product 


improvements, 
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| р, SUMMARY AND ANALYSIS 


The following is a tabulated extract of the past and present 
status of the Army test programs. This synopsis includes the various 
4 aspects of requirements, responsibilities, standards, controls, 
distribution and procedures, as they relate to the testing program. 
Key actions pending and possible shortcomings are noted in the re- 
{ marks column. Highlights are carried forward to Section E, Con- 


clusions. 
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5 Ё. Conclusions 


The principal conclusions of this appendix are: 

1. Army policy for testing of the №16 system has been 
inadequate, 

2. Many past deficiencies in Arny testing policy have been 
surfaced by studies and boards. Policies designed to correct most of 
these deficiencies have been drafted. 

3. Arny policy pertaining to product improvement and post pro- 
duction tests needs improvenent. 

| Minor conclusions concerning Army testing policies and 

procedures, as they pertain to the small arms life cycle, are in the 
following subparagraphs: 

The former lack of an overall materiel life cycle 
system is apparently being corrected by the current development of 
a life cycle management model with provisions for integrated testing, 
evaluation, and review. 

The Army test program, and related materiel develop- 
ment actions, have been and still are oriented to Army-developed 


items, The appropriate types of tests exist, such as the military 
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potential test; yet it appears that special major measures, such 
as the SAWS tests, were needed in the past to obtain a thorough 
evaluation of commercial items against on-going Army-developed 
items. 

b, Requirements for Testing 

Army policy did not, and still does not, provide 
significant guidance for quality assurance production tests. 

The Army requirement for coordinated test planning 
is being expanded to include all developmental testing, not just 
engineering and service test as in the past. 

The shortcoming concerning product improvements 
apparently will be partially corrected by USAMC's requirement that 
all significant product improvements be tested, and that all test 
results be independently evaluated by USATECOM. 

The need for earlier feedback on field performance 
will apparently be filled by improved USAMC procedures for newly 
issued materiel. d 

с. Control and Coordination 

In general, many control and coordination problems 
of the past are being solved by the implementation of the 
recommendations of the Brown Board, SATE Study, Committee of Four 


Study, and "Standards of Testing for USAMC Materiel” study. 
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P d. Test Procedures 


Separate procedures are now being used for both 
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engineering and service testing. Previous practice called for 


using essentially the same procedures, 
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Highlights of USAMC Study 
"Standards of Testing" e 16; 


Іп 1966, СС, USAMC directed a study of "Standards of Testing". 


Highlights of the report Bere: 


Early in the study it became apparent that 
principles underlying a rational test program had never 
been explicitely established within AMC, Although the 
Commodity Commands and the Test and Evaluation Command 
have established in-house test guidance, the coalescence 
of AMC's test effort into a totally coordinated test 
program has not been accomplished, 


Emphasis....was placed on the following: 


А. Adequacy of current АМС Regulations defining the 
test and evaluation process. 

B. Field execution of the test program in accord- 
ance with AMC staff guidance. 

C. Utilization of statistical methodology for de- 
termining test item requirements. 

D, Relationship of tests to decision points. 

E. Identification of technical risks. 

F. Optimization of test information, 


With respect to the number of test items made available for Engin- 
eering/Service and initial production tests the committee concluded; 
A. The minimum sample size to demonstrate item per- 
formance with the exception of munitions is inadequate. 
B, Sample ranges and risk is not fully recognized. 
C. The tendency to establish test requirements by 
rote is evident, 
The overall conclusions of the committee were: 
55. MFR, AMCQA, sub: Briefing to CG, USAMC, re: Standards of 
Testing for AMC Materiel," 21 Dec 66. 
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| 1. АМС does not have а coordinated test and evaluation рго- 
gram for the life cycle of materiel, 
ga ens 2. AMC does not have a staff activity responsible 
! for the coordination of such a program, 
3. The study concepts provide a framework for de- 
veloping the procedures for a life cycle program. 
4, The study concepts provide the baselines for es- 
tablishing "Standards of Testing" for AMC Materiel. 
5. This study is in harmony with the decisions made 
by the Chief of Staff (Army) on the SATE Study. 


The CG, USAMC approved, in part, the concept of the study, 
assigned to USATECOM responsibility for developing and executing 
the plan for establishing standards of testing. In a letter to CG, 

6 

USATECOM he described a two-step абара 
The first step will require that you, in conjunction 
with the commodity commanders, apply rationale (developed 

in the Standards of Testing Study) to one major end item 

for each command and develop a model test program for the 


end item selected. 


...The second step...will be the application of this ra- 
tionale to all AMC materiel. 


57 

The commodity commanders were informed of the above 28375332) and 
directed to furnish expertise to USATECOM to assure the end item 
selected receives the proper in-depth treatment. A draft AMC 


regulation was developed as a result of the Standards of Testing 


Study. It has been in staffing wit ust 1967. 


| 56. Letter, AMCQA-S, sub: Standards of Testing, 16 Jan 67. 
| 57. Letter, AMCQA-S, sub: Standards of Testing, 16 Jan 67. 
(to Commodity Commanders). 
58. Draft, AMC Regulation 700-**, 30 Aug 67. 
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Engineering and Service Test Procedures 


А. Engineering. test procedures measure the ИРУ structural, 


electrical, ерісе ог chentesl Я со Р human 


errors in judgment, and are characterized by the use of: епуітоп- 
mental chambers; controlled laboratory, shop, and field trials; 
statistical methodology; physical measurement techniques; and 

the use of personnel trained in the engineering or scientific 
fields. Specific engineering test procedures have changed little 
over the years; some even date back to 1937, 807% 

Engineering test procedures are divided into three types: 


61/ 


inspection, safety, and func tioning tests.— During inspections 


critical dimensions such as bore and chamber and critical forces such 


as trigger pull, firing pin energy, and spring constants are mea- 
sured and recorded. The safety tests involve firing high pressure 
test rounds to proof the weapon and comparing peak chamber pressure 
to that of a standard cartridge; determination of bullet stability 
values, muzzei velocities, and cyclic ratos; and the examining of 


the weapon performance(feed, extraction, and ejection) under a 


59, Engineering tests for small arms are conducted by Development 


and Proof Services, USATECOM, Aberdeen Proving Ground, Md. Supple- 
mental engineering information on performance of weapons in extreme 
environments 18 obtained primarily from testing in the controlled 
environmental chambers of hot, cold, and humid conditions at Aber- 
deen Proving Ground, Maryland. 

60. Ordanance Proof Manual, Office Chief of Ordnance, 11 Jun 37. 
61. USATECOMR 700-700, 11 Jun 66. 
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variety of conditions. When possible, the effects of different lots 
and types of ammunition are examined, А11 malfunctions are recorded 
during each test. The following are the functioning tests usually 
employed. 


Climatic Condition (two weapons each phase) 


Hot 155 (1,200 rounds, fired semiautomatic and 
automatic). 

Cold - 65°F (3,000 rounds, fired semiautomatic and automatic). 

Humidity 70 to 105°F with 90 to 100 percent relative 

humidity (each ewapon fires 1,000 rounds - 250 rounds on 

third, fifth, eighth, and tenth day, without cleaning or 
maintenance). 

Icing. Two weapons are conditioned at plus 20°F, then lightly 
sprayed with water until 1/8 to 1/4 inch of ice accumulates, Wea- 
pon muzzle is closed with tape, An attempt is made to fire a maga- 
zine. 

Unlubricated Weapon. The weapon is cleaned in dry-cleaning 
solvent and fired 1000 rounds іп an unlubricated condition. The 
type of fire, automatic or semiautomatic is not specified. 

Water Spray. This is an accelerated test to determine the effect 
of a heavy rainfall on the performance of the weapon. The test 
consists of a spray of water falling at a rate of about 24 inches 
per hour. One weapon is fired 6000 rounds. For test conditions, 
and the weapon exposure times see Figure 1-3, 


Salt Water Immersion. This test examines the deleterious 


effects of salt water on weapon performance. A salt water solution 
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! Exposure Cunulative Cuaulative 
Time Exp. Tine Rain Rain 
Test Condition (minutes) (minutes) (inches) (inches) 


Weapon Horizontal 


Bolt open 5 5 2.0 2.0 
Loaded, bolt closed 5 10 2.0 4,0 
100 rounds semíauto 4 14 1.6 5.6 

| Bolt open 5 19 2.0 7.6 
Loaded, bolt closed 5 24 2.0 9.6 

| 100 rounds automatic 4 28 1.6 11.2 
Weapon Muzzle 74 

2 Bolt open 5 33 2.0 13.2 
Loaded, bolt closed 5 38 2.0 15.2 
100 rounds seniauto 4 42 1.6 16.8 
Bolt open 5 47 2.0 18.8 
Loaded, bolt closed | 5 52 2.0 20.8 
100 rounds automatic 2 56 1.6 22.4 
Weapon Muzzle Down?! 
Bolt open 5 61 2.0 26,6 
Loaced, bolt closed 5 66 2.0 26.4 
100 ‘rounds sentauto 4 70 1.6 28.0 
: Bolt open sb/ 75 2.05/ 30.0 

Loaded, bolt closed 55/ 80 2.0b/ 32.0 
100 rounds autonatic 45/ 84 1.65/ 


а. Before attempting to fire, hold weapon with muzzle down, unlock bolt 
23 slightly, and attempt to remove water accumulated in the bore. 
b. Or as required to finish program with at least 32.0 inches cumula- 
| tive rain total. 


E Source: USATECOM, ТЕСР 700-700, 11 Jun 66. 
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of 20 percent salt, and 80 percent water, by weight, is used, Two 
test weapons are disass embled, cleared), Tbr ita aiti ressemble 
The weapons, with a round chambered are submerged in the salt water 
solution for 60 seconds along with 600 rounds of ammunition in 
magazines. The weapons then fire 30 rounds in the semi-automatic 
mode, and 30 rounds in the automatic mode. They are stored at 
temperatures ranging from 70°F to 105°F with 90 to 100 percent rela- 
tive humidity, The firing procedures described above are repeated 
on the third, fifth, eighth, and tenth day, without cleaning or 
lubrication, 

Dust. Dust testing involves exposing the weapon to a contin- 
uous blast of dust for 2 minutes, then firing a full magazine of 
ammunition. The dust mixture consists of 9 parts of Grade О Albany 
sand and 1 part of clean silica - core sand. The weapon is cleaned 
and lubricated, and the muzzle is closed with tape. A round is 
chambered in weapons fired from a closed holt. A fully loaded ma- 
gazine is assembled in the weapon. The weapon and a second loaded 
magazine are positioned in the dust box that has a blower attached. 
Dust 4з poured in the box at the rate of 5 pounds per minute. The 
weapon is wiped clean with bare hands and an attempt is made to fire 
the magazine that is in the weapon. If this is not possible because 
of malfunctions the second magazine is used, If firing is not sat- 


isfactory, firing will be attempted with a clean magazine loaded 
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with clean ammunition, The number of attempts made to overcome 
malfunctions, aad the number and type of malfuncticas are recorded. S2 

Sand Drag Test. The sand drag test is conducted to determine 
the effects of sand on weapon performance, Two weapons are cleaned 
and lubricated, and the muzzle closed with tape, Each weapon is 
loaded with a full magazine of ammunition, A round is chambered in 

1 weapons firing from a closed bolt, Dust covers are closed, The 
weapons are then dragged 20 feet in silica core sand, with left 
Sides up, and 20 feet with right sides up, muzzle foremast. Ап 
attempt is made to fire the loaded magazine. If malfunctions make 
this impossible, firing is attempted with a clean magazine loaded 
with clean emmunition. 

Mud. One weapon with muzzle taped, bolt closed, weapon loaded, 
and a second loaded magazine is submerged for 60 seconds in a mud 
bath. The mud bath consists of 10 pounds of red clay to 2 pounds 
of clean river sand to 8 quarts of water. The weapon is cleaned 
to the extent mud can be wiped off by hand, Then an attempt is 
made to fire 20 rounds, If malfunctions occur, the second magazine 
is used. If malfunctions persist the test is continued using a clean 

. magazine loaded with clean ammunition. 

Sustained Fire, This test involves determination of the maximum 
rate and duration of firing that can be accomplished without damage 
to the weapon, degradation of its performance, or danger to the firer. 

: Š 62. А dynamic dust test has been used which will better simulate dust 


: Я conditions around helicopters, During this test dust is blown by а 
/ fan while the weapon is being fired, 
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Two weapons are fired at the following rates, vith cooling after 
each cycle: gd E lUa ELE С 
15 rounds per minute for 30 minutes 

40 rounds per minute for 5 minutes 
The foregoing schedules are fired semi-automatically and repeacted 
automatically, Then two addition cycles are fired with firing times 
halved and number of rounds doubled for each cycle. Cyclic rates of 
fire are recorded for weapons that have an automatic fire capability. 
Projectile velocities are recorded for all types of weapons, 

Endurance, Endurance testing usually involves firing the 
weapon to destruction, The length of life and behavior of all parts 
are recorded. Parts are replaced when they become unserviceable. 
The weapon fires a minimum of 6000 rounds, not less than 15 rounds 
per minute. Cleaning and lubrication are performed at 600 round 
intervals, During the firing the weapon is held normally, right 
and left side up, held loosely in the hands, and elevated and de- 
pressed to plus 80 and minus 80 degrees respectively. 

Accuracy. Five weapons are fired to check dispersion, and the 
weapon sights. The firing is done at the ranges specified in the 
Qualitative Materiel Requirements or the test plan. Each weapon 
fires ten rounds at 4 targets. 

Recoil, Recoil tests of weapons determine the energy of recoil 


and the resultant reaction of the weapon against a man's shoulder 
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or mount, Measurements are taken from a ten-round firing trial 
using one weapon suspended from a ballistics ае хэв 4 

Flash, One weapon fires both semi and full automatic in total 
darkness, Photographs are taken. 

Cook-off. One weapon is fired as rapidly as possible to deter- 
mine how many rounds are required to produce a cook-off of a live 
round chambered in a hot weapon. The point of cook-off, when deter- 
mined, is substantiated by firing confirming trails of one magazine 
less. Cook-offs are not tolerated during substatiating trials. 

B. Service testing is conducted under actual field conditions to 
determine to what degree the item or system and its associated tools 
and test equipment perform the mission as described in the QMR, and 
to determine whether the item or system and its maintenance package 
are suitable for Army изе.63/ This test makes use of the observa- 
tions and judgment of selected military personnel who have a back- 
ground of field experience with the materiel undergoing testing, 

The service test procedures now being used for small arms employ 25 
to 30 test weapons and 30 test soldiers (6 groups of 5 each) for the 


subtests listed below. 


63. Small arms service tests are conducted primarily by the U.S, 


Army Infantry Board, USATECOM, Fort Benning, Gerogia. Supplemental 
information regarding man-weapons performance in extreme environments 
is obtained from testing at the arctic, tropic and desert test faci- 
lities of USATECOM, 
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Accuracy, Тһе purpose of this test is to determine the shot 
grouping of ‘the test weapons, `А 16-round LEE fired on P 
targets at distances of 1,000 inches, and 100, 200, and 400 meters. 

Day and Night Defense, During daylight teams fire at four 
realistic target arrays (eight targets each) at ranges from 100 to 
600 meters. Semi and automatic fire are used. The number of rounds 
fired depends on the number of trials required to assess the design 
features of the weapon, At night a similar exercise is conducted 
at ranges from 50 to 150 meters. А signature device is used to 
simulate enemy fire. 

Day and Night Attack - The test is conducted on a 200 meter 
attack range. Fire teams move from prepared positions to succeed- 
ing positions and fire at an eight target silhouette array, Targets 
are five meters apart. 

Quickfire - All test soldiers fire a quickfire course contain- 
ing six silhouette targets. Two targets are located at 20, 40 and 
60 meters from the firer, The allotted target exposure time is 
two seconds for the targets at 20 meters, and 3 seconds for those 
at 40 and 60 meters, The quickfire technique is employed, 

Portability, Transportability and Aerial Delivery - The test 
Soldiers carry the weapons over various types of terrain, and load 
and unload from various types of army vehicles. They also exit 


from aircraft in flight. 
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Disclosing Effects and Human Factors - Throughout all of the 


1:155:7253 МЕ D 


above subtests, the following data ave. Ke den that reflects the 
system capabilities. 

Durability. Replaced broken and/or worn parts are recorded, 

Reliability, Malfunctions and stoppages and other information 
having a bearing on reliability are recorded. Parts breakage and/or 
wear are also considered in the overall assessment of reliability. 

Accessories. Suitability of items such as tools, maintenance 
equipment, bipod, pouches (ammunition) and bayonet are recorded, 

Safety. A safety confirmation is required, б ће service test 
agency evaluates test weapons in all modes of fire and all firing 
positions, such as standing, kneeling and prone. Observations are 
made of such things as ejection patterns, possible overheating and 
other things bearing on safety. 

Maintenance, In all subtests the relative ease that the test 
weapons may be maintained is recorded. The number and type of tools 
required for maintenance are also recorded, 

Position Disclosing Effects. By visual observation, the range 
at which the firers position can be detemined by the muzzle flash 
at both day and might and smoke during daylight ‘s recorded, All 
— of fire are evaluated, 


Human Factors. Observations in human factors include accessa- 


bility and adequacy of safety features, sharp projections that could 


64. USAMCR 385-12, 31 Dec (2. 
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cause injury, configuration with respect to pointing and aiming, 

` ‘ Pe: у Пева dt а ee ТЕТЕ ЭХЛЭЖ Yea) YR yt 
complexity of operation in firing sequences, comfort in carrying, 
and other limitations as brought to the attention of test director 


by test personnel. 
65/ 
Arctic and Tropical Environmental Test. The same tests as 


outlined for temperate zone engineering and service tests are con- 
ducted in an actual arctic and tropical environment at selected test 
sites. 

С. Testing of Ammunition and Lubricants. Test procedures for 
ammunition are similar to those used for the weapon, for both engin- 
eering and service testing. The same test procedures are used even 
when ammunition testing is done subsequently to the weapon tests. 

When weapons and ammunition are tested the standard lubricant 
is used during all subtests that allow lubrication. When a lubri- 
cant itself is being Сегсей, the test procedures for the weapons 
and their aununition remain 2. normal. The test lubricants are 
applied to specifid weapons to provide a basis for evaluation of 


weapons performance with each test lubricant. 


65. USATECOM, TECP 700-700, 
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Appendix 2 
AUDIT TRAIL AND ANALYSIS OF М16А1 
WEAPON AND AMMUNITION SYSTEM'TESTS 
A. Introduction 

The М16А1 weapon and ammunition system did not follow the traditional 
cycle of research, development, testing, and evaluation. The initial 
exploratory efforts of the 1950's led to the development of the caliber 
.22 lightweight rifle cartridge, and two companion rifles by Armalite and 
Winchester. Subsequent to comparative tests in 1958, developmental effort 
focused on the Armalite АК15 caliber .223 light weight rifle, with the 
final engineering test being completed in November 1960. The ARIS was 
adopted by the U.S. Air Force in 1961 аз its standard replacement for 
the Ml and M2 carbines. At the same time, the Army dropped develop- 
mental and testing activity, when the Ordnance Corps directed its 
institutional attention to producing satisfactory M14 rifles and 
to initiating development of the all-purpose handheld weapon 
(APHHW) system, which in 1962 becane known as the Special Purpose 
Individual Weapon (SPIW). In 1962 the Office of the Secretary of 
Defense (OSD) directed field testing of the АК15 in Vietnam, The 
enthusiastic reception accorded the AR15 by the Vietnamese ana American 
soldiers who tested it, together with the fact that the Air Force 


had adopted it, OSD was interested, and the President had given ít his 


attention, led to a worldwide comparative evaluation of the АК15 with 


the then issued M14, and the Soviet AK47 assault rifle. 
As a result of the comparative evaluation the Secretarv of the Army 
asked the Secretary of Defense in January 1963 for authority to 1 
50,000 to 100,000 AR15's and the Secretary approved the request. The 
Army plan was to procure the АК15 for airborne, air assault, and 
special forces units only; the light weight of the АК15 made it 
especially suitable for these units, The М14 was to remain the 
standard arm of the mainline Army divisions. 

During 1963 and 1964 there was only limited formal testing 
on the АК15, designated by then the ХМ16Е1, because it was a 
Special purpose, limited production item and was carried as excess 
to the Army's rifle requirements. The expanding commitment in 
Vietnam altered the Army's position, especially when U.S. troops 
undertook combat missions and requested large issues of the ХМ16Е1, 
By 1965, the demand for mem firepower left insufficient time 
to conduct a thorough testing and evaluation program, with the result 
that the XM16El joined the Vietnam war as the basic infantry rifle 
with few improvements on the 1960 and 1963 prototype versions. On 
23 February 1967 the Army classified the ХМ16Е1 Standard А and changed 
its designation to М16А1. The engineering test basis for this action 
was the series of tests conducted during the 1965-1966 Army Small 


Arms Weapons Systems (SAWS) Study at Development and Proof Services 
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amnesia 


(D&PS) at Aberdeen Proving Ground and at other U.S. Army Test and 
Evaluation Command (USATECOM) installations. 

Since production began in March 1964 at Colt's, the develop- 
mental and testing history of the М16А1 has consisted of a series 
of product improvement actions. As a consequence of being a limited 
production item for several years, and having modifications al- 
ways tested as product improvements, the М16А1 has had а confused 
history of test and evaluation, Over 250 tests have been conducted, some 
related, others independent or with conflicting results, The objectives 
&nd methods of the tests and the validity of test data and conclusions 
vary widely among these tests because the M16 received scant attention 
for much of the period, and there was insufficient time to make up for 
neglected developmental activity after it was accepted as the United 
States' rifle for the Vietnam war, 

The main body of the appendix analyzes the tests and evaluations 
of the MI6Al to determine the thoroughness and validity of test 
procedures and results. The principal purpose of this analysis {3 
to determine how these test and evaluation practices may be strengthened 
for application to future weapon systems. Since it would be difficult 
and unprofitable to attempt an analysis of all M16 tests, only tests 
that were especially significant have been chosen for analysis. 


These include the SAWS tests, for example, which 
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are significant because they are recent, extensive, and served as the 
basis of the М16А1 type classification action and the series of tests 
on buffer designs. The analysis concludes by focusing on particular 
aspects of the testing program in order to identify, where possible, 
gaps in the test data collected, and to discuss the validity of the 
statistical design of tests, the test criteria, the significance of 
test results, the adequacy of follow-on weapon design and reliability 
data analysis, and the consistency of follow-on actions with test 
results, 

At Inclosure 2-1, beginning on page 2-91, is a chronological 
display of 270 tests and evaluations of the М16А1 system, together with 
indications of subsequent tests, actions, evaluations, and decisions 
associtated with each test. This audit trail analysis of tests also 
includes the evaluations by senior headquarters of the major series of 
tests and correlates tests and evaluations with subsequent decisions. 
For convenience, the audit trail is divided into five time periods: 

The early М16А1 developmental period prior to 1962, 

The 1962-1963 worldwide comparative evaluation of the АК15, M14, 
and AK47 rifles, directed by the Secretary of Defense. 

The period between the 1962-1963 comparative evaluation and the 
1965-1966 Army Small Arms Weapons Systems (SAWS) Study. 

The 1965-1966 Saws Study. 


The period of test and evaluation since the 1965-1966 SAWS Study. 
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B, Analysis of the SAWS Study Tests 
The Chief of Staff directed on 12 November 1964 that the Army | 


Staff initiate a review and evaluation of the Army Small Arms 
Weapons Systems (SAWS), to include a study of doctrine, desired 
characteristics, and test and evaluation of existing weapon systems, 
The object was to develop the necessary analytical background upon | 
which to base a program for replacing existing stocks of small arms 
(as the inventory droppec below requirements), or for replacing 


the inventory with weapon families of demonstrated superiority 


кыл Se 228 Plu م‎ 


with respect to cost effectiveness. 

While only portions of the SAWS Study dealt with the ХМ16Е1 
system, the SAWS tests did include major evaluations of the ХМ16Е1 
rifle and the associated 5.56mm M193 ball and M196 tracer cartridges. 
The SAWS Study formed the basis for the 7 Novemoer 1966 Chief of Staff 
decision to seek a one-rifle Army inventory based upon the ХМ16Е1 
rifle. Further, the SAWS tests formed the engineering basis for the 
23 February 1967 classification of the ХМ16Е1 as the Standard A 
М16А1 rifle. 

In the following analysis of the SAWS Engineering and Service 
Tests, the discussion is ín terms of both the Ml“ and the XH16E1 
rifles. Other systems - notably the Stoner - were evaluated as well, 
but the M14 and ХМ16Е! were tested as standard items, and discussion of. 


their tests demonstrates the general validity and significance of the 
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tests of other systems conducted ас the same time. On the other 
hand, to put the discussion in terms of the ХМ16Е1 alone would 
suggest that the critical comments have only narrow applica- 
шу, when indeed they pertain to the tests in general. Also, 
presentation of data for both the then: ааваа production ХМ16Е1 
and che Standard А M14 provides a basis for evaluation of the 
ancayrical comments, 
The SAWS Engineering Test 

In the SAWS tests the test details did not clearly support the 
objectives., USATECOM was directed by the U.S. Army Combat Developments 
Command (USACDC) to determine the functioning of test systems under all 
adverse conditions, including rain, snow, salt water, dust, and mud 
after submersion and at extreme temperatures, as stated in AR 705-15, 


у 


Operation of Materiel Under Extreme Conditions of Environment. 


The mud subtest was conducted in such a way that the functioning 
of test systems could not be determined. Two rifles of each type 


fired one magazine each with the results given овон, 


1 USACDCIA Lt: to CG, USACDCCAG, 11 Mar 65, Characteristics 


and Standards Agaiast Which to Conduct Engineering-Service Type 
Tests for Small Arns Weapons Systems (SAWS) Program, p. 8. 


Table 2-1 — ХМ16Е! and M14 MALFUNCTIONS in the SAWS 


ХИбЕІ No. 


No. 


ма №, 


№. 


8 Did not 


ENGINEERING MUD SUBTEST 


20 Rounds Fired per Weapon 


1 2 failures to eject 

3 failures to fire . 
2 no malfunctions 
1 3 failures of the bolt to close 


15 failures to fire 
1 га ге of the bolt to remain 
to the rearà/ 


2 16 failures of the bolt to close 
14 failures to fire 

l failure of the bolt to remain 

to the rear | 
4 failures to eject 


Cause a stoppage. 


When one rifle has 5 stoppages in 20 rounds, and another rifle of the 


Same type has none; or when one has 34 stoppages in attempting to 


fire 20 rounds, while another of the same type has only 18 stoppages 


in 20 rounds, the possibility of an interaction between the environ-, 


mental condition and the individual weapon is evident. 


When test ítems give results vith the variability between rifles 


of the same type as great as that indicated above, it is misleading 


and statistically impossible to apply the results obtained 


from the test sample to the entire population of rifles 


represented in the tests. The results obtained are very likely 
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peculicr to a single weapon, Determination of a true ХМ16Е1 
\ performance level applicable to the population of ХМ16Е1!8 and the 
true М16 performance level is impossible under such conditions, 
Furchermore, one has been unable to determine the validity of the 
| criteria, It is possible that the mud was c dense as to mask 
significant differences between systems, or that the differences 


betw2en individual weapons masked important effects of the mud 


| 
environment, or that 20 rounds were insufficient to prove the relative 
merits of competing systems, 
The only conclusion drawn from the mud subtest in the SAWS 
Engineering Test report was that the dust cover on the ХМ16Е1 was a 
feature "desirable beyond the nice-to-have category. "2/ USATECOM 
reached this conclusion evaluating the ХМ16Е1 dust cover, even 
though the test data are not statistícally convincing. No comment 
was made of the performance of other systems under the same 


3/ 


environmental conditions. 


2 USATECCM, Engineering Test of Small Arms Weapons Systems 
(SAWS) Partial Report (DPS-1851), December 1965, Vol. I, p. 137. 
Hereafter cited as the SAWS Engineering Test, Partial Report. 

3 Little could be said of the results of the mud test of 
the Stoner 5.56mm rifle, which was tested at the same time. One 
Stoner rifle had three failures to eject in firing 30 rounds, 
The second had 24 failures of the bolt to close and 21 failures 
to fire in firing 30 rounds. 


Because of the small sample sizes and the variability between 
individual weapons, the results of the engineering environmental 
subtests, such as the mud subtest, can give only an indication 
of weapon performance, and even then without great assurance. 

This fact is amplified in Table 2-2 which presents, for 
comparison, data on the variability between test items for the 
ХМ16Е1 and М14, Note that in several instances the stoppages of 
one of the two XM16El's were attributed to the weapon, and not 
the environmental condítion in which the weapons were tested. 


In particular, one XM16El which was prone to failures 


to eject was used as one half of the ХМ16Е1 sample ín 
| four of the nine environmental subtests. (See Table 2-2, especially 
footnotes a-d.) Its malfunctions were reported against the ХМ16Е1 


in evaluation of the environmental test results. 
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TABLE 2-2 — SAWS ENGINEERING ADVERSE CONDITIONS TEST DATA 
Number of Stoppages Reported 


By Weapon Number Rounds Fired 
Subtest Weapon 1 2 per Weapon 

Sand XM16E1 132/ 0 100 
M14 16 9 100 

Salz water ХМ16Е1 gb/ 0 100 
M14 1 0 100 

1 

Tosjerature + . ХМ16Е1 4</ 0 100 
hurid њу M14 1 0 100 
Wator spray ХМ16Е1 314/ 5 600 
M14 3 6 600 

Dust ХМ16Е1 1 4 20 
M14 3 23 20 

Mud ХМ16Е1 5 0 20 
M14 18 34 20 

Extreme high ХМ16Е1 26е/ 135/ 1,200 
temperature M14 4 1 1,200 
Extreme low ХМ16Е1 222 29 3,000 
temperature M14 5 4 3,000 
Unlubricated XM16E1 598/ 2 3,000 
M14 14h/ 3 3,000 


8 Ар explanatory note in the test report states that these 13 failure: 
to eject in ХМ16Е1 Number 136623 were not attributed to the deleteríous ef- 
if fects of sand. The suggestion is that they were peculiar to the weapon. 
Nonetheless, they are counted in all tabulations of malfunctions. 


b these malfunctions were failures to eject in the same rifle that 
had 13 failures со eject in the sand subtest. (See a, above.) They were 
not attributed to the environmental conditions. 


© These stoppages were failures to eject with ХМ16Е1 Number 136623. 


4 ОЕ these stoppages, 29 were failures to eject. This was ХМ16Е1 
Number 136623, 


8 The same weapon, Number 137291, was used for the extreme low- 
temperature test. 
(9) Ё The same weapon 137658, was used for the extreme low E te: 
8 Fired only. 1,000 rounds. 
h Fired T 1, 500 коша, 
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weapon-peculiar malfunctions (with incidence 

ИЕ but obliterates any useful output from the 
‘181 tions. See Tables 2-3 and 2-4 which cite 
,ineering Test, The differences in the total 

с the entire test sample, 4% total stoppages 

zung rifle for the ХМ16Е1 and М14 respectively, 

е in the sample are dramatic, The average stop- 


.otests were: 


All But Worst Entire 
Worst Rifle Rifle Sample 
10 44 22 
3 16 7 


| °з that the Ml“ is 22/7 = 3 times as reliable аз 
:id be that the better ХМ16Е1!8 in the test sample 
ле population of XMI6EL's and that the typical 
: M14 did in these tests, The comparative 
be then that the ХЧ16Е1 rifle is 16/10 = 


the M14. There is no answer with such a 


^st used a rifle sample size of 3. The 
^n, smoke, and flash subtests had a sample 
ests had a sample size of 2. 
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Results of the SAWS Engineering Tests 


The data gathered in the adverse conditions subtests described 
above were utilized in two ways to determine’ the results of the SAWS 
Engineering Test. First they were the basis for the USATECOM evaluation 
of the test weapons ügsinst the USACDC prescribed performance charac- 
teristics and standards. These characteristics and standards are 
cited in Table 2-5, together with test results for the ХМ16Е1 and 
M14 and analytical — In general, tha critería are based 
on comparative data, for example: dispersion with the bipod shall be 
less than that measured without the bipod, or reliability at extreme 


temperatures should not be less than reliability at ambient tempera- 


~ 


ture. Because of the small sample sizes these criteria cannot be 
applied meaningfully. The data basis for these comparisons is 
frequently distorted by poor performance of one weapon in the 
sample, thereby invalidating the comparison itself. 

The second utilization of the SAWS Engineering Test data was 
to provide a statement of weapon system reliability. The data 
obtained in the reliability subtest were the basis for the USATECOM 
limited evaluation on weapon mechanism performance. The three 
М14Е2 automatic rifles had .88 stoppages per 1,000 rounds fired, 
thereby establishing the reliability of the basic М14-М14Е2 design. 


The less relíable Ml4 performance, 4,76 stoppages per 1,000 rounds, 


was attributed to poor quality control. On the other hand, while the 
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Colt automatic rifle had 1.38 stoppages per 1,000 rounds, USATECOM 
did not conclude in its discussion of the reliability test that 
the poorer ХМ16Е1 performance (20.56 stoppages per 1,000 rounds) 
was due to poor quality contro1,37 
The number of stoppages in the engineering subtests were combined 


with reliability data from SAWS Service Test to yield the following 


figures: 
Stoppages per Rounds 
1,000 Rounds Fired, 
M14 1.17 490,046 
ХМ16Е1 11.15 139,756 


These figures are commonly cited ав indicative of the 
comparative reliability of the ХМ16Е1 and the M14 and provided 
the data for stoppage rate statements in the USATECOM Analysis of 
Results of SAWS Engineering and Service Test®/ and in the U.S. 
Army Infantry Agency SAWS reports, However, no criteria were 


presented to support the reasonableness of this summation. 


3 However, USATECOM wrote "ther does appear to be а reasonable 
amount of data to support the contention that the performance level 
of the XM16EL weapon in the SAWS test may have been primarily а 
function of the quality of the production total of weapons tested," 
SAWS Engineering Test, Partial Report, Vol. 1, р. 44, The Colt 
automatic rifle was basically the same as the ХМ16Е1, 


6 USATECOM, Analysis of Results of SAWS Engineering and 
Service Tests Jan 66, Chart 9. 
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There 15 no evidence that any meaningful criteria were employed in 
deciding that the dust subtest should consist of 20 rounds for each 
of two rifles, while the extreme high temperature subtest consisted 
of 1,200 rounds for each of two rifles and the extreme low temperature 
subtest consisted of 3,000 rounds for each of two rifles, 

No comment is made on the two different citations of reliability. 
The disparity between the reliability subtest data and that for all 
5-85 Znginesering and Service Tests is highlighted, in terms of stop- 
pages par 1,000 rounds fired, іп the figures below, 

Table 2-6 — SAWS Engineering and Service Test 


Reliability Data 
In Terms of Stoppages per 1,000 Rounds Fired 


Engineering 
All Tests Reliability Subtest 
ХМ16Е1 11,15 20.56 
M14 1.17 4.76 
Ratio of ХМ16Е1 to М14 9.5 to 1 4.3 to 1 


Again, there is the question of criteria - which set of data best 
represents typical ХМ16Е1 and M14 performance. Even the relative 
reliability of the ХМ16Е1 and the M14 differ by a factor of two 
between the two sets of data. This illustrates two problems: first, 
the data base 13 insufficient to account for observed differences; 
and second, care must be exercised in the drawing of conclusions 


from the data collected, Unfortunately, USATECOM's careful 
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account of the sample size and data variances, as cited in its report 
of the SAWS Engineering Test, has been lost in successive extracts | 
from the report, with the result that the data are treated with 
an absoluteness of finality not intended by the original testing 
agency. | 
Follow-up Actions оп Engineering Test Results 

The SAWS Engineering Test contained an appendix devoted to the 1 


deficiencies and shortcomings noted іп the test weapons оп the basis | 


of all firings conducted during the Engineering Test. The following 
paragraphs present extracts from this portion of the SAWS Engineering 
Test report,. together with a comment оп the extent to which 
\ suggested corrective action by USATECOM was in fact followed by U.S. 
Army Weapons Command (USAWECOM), U.S. Army Munitions Command (USAMUCOM), 
and other responsible agencies. 
1. Deficiency: Unreliable functioning. The 
exact cause of the unreliable performance of the 
XM16El rifle was not identified. An intensive 
study should be undertaken to evaluate the effects 
of the use of ball and CR-type (IMR 8136) propellants; 
to evaluate standard and experimental buffer systems 
in this rifle; and to determine if certain lots of 
rifles exhibit substandard performance, 
Both Frankford Arsenal (at the direction of the Project Manager, 
Rifles) and Colt's studied the effects of alternate ball and 
extruded grain (IMR or CR) propellants on the ХМ16Е1 and found 


significantly more malfunctions, greater visible fouling, and higher 


7 USATECOM, Appendix III, Deficiencies and Shortcomings, SAWS 
Engineering Test, Final Report, Volume IL, March 1966, D&PS Report 
1970, pp 111-1 through 111-7. 
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cyclic fates Len exceeding the design unit with the standard 
buffer assembly) associated with the use of WC 846 (ball) propellant. 
Springfield Armory evaluated Colt's experimental buffer system in 
April and May 1966, and USAWECOM approved a modified buffer design 
in July 1966. No available data indicate any effort in 1966 to 
determine whether certain lots of rifles exhibited substandard 
performance, ТЕ was supposed at the time that the new buffer would 
eliminate substandard performance when ball propellant loaded 
ammunition was used, As long as rifles were being procured with the 
original buffer, Colt's utilized for acceptance testing only ammuni- 
tion loaded with ІМК 8136 propellant shipped by direction of the 
Project Manager to Colt's, Therefore, the quality assurance tests 
were less likely to reveal substandard performance. 
2. Severely limited grenade launch capability. 

The emphasis on light weight construction of (the 

ХМ16Е1 and other) 5.56mm weapons, which usually 

includes stamped metal components and plastic stocks, 

appears to inherently rule out unrestricted and safe 


launching of rifle grenades. 


A commercially developed family of 40mm grenades designed for 


launching. from the end-of-the-muzzle is compatible with the stock 


and material strengths of lightweight 5.56mm rifles. Their 


evaluation was directed by the Chief of Staff in November 1966..8/ 


? CSM 66-485, 7 Nov 66, sub: Army Small Arms Weapon Systems. 


—— € 


3. Shortcoming: Obstructed bore hazard due 
to rain accumulation. Training manuals should empha- 
8126 that weapons of this caliber (5.56mm) should 
always be made bore-safe after exposure to raín by 
depressing the muzzle and opening the bolt prior to 
firing. 


This precautionary step was taken for all rifles prior 


to firing in each phase of the water spray test that involved 


pointing the muzzle vertically, up or down. With regard 

to the water hazard problem, the XM16Eloutperformed the М14 in the 
water spray subtest, Training materials currently do include the 
caution to drain the bore by opening the bolt after exposure to 


water. 


4. Shortcoming: Charging handle becoming 
unlatched. Relocate the pivot point of the latch 
or employ a stronger latch spring. The psychologi- 
cal effect of continued failure of the charging 
handle to remain latched could be sufficiently serious 
to warrant assessing this as a deficiency instead 
of a shortcoming. 


On 18 March 1966, Colt's submitted a request for technical action 

(RTA), calling for dimensional modification of the charging handle 

latch to insure a more positive locking of the charging handle 

latch during firing. Final approval was granted 9 August 1966 .9/ 
5. Shortcoming: Bolt breakage. Specific 


identity of the material should be made avallable 
to the . . . contractor for his consideration. 


3 See Appendix 11 for а complete chronological listing of all 
RTA's, which reflect modifications made to the ХМ1651 rifle. 
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Nine damaged or broken XMI6EL bolts were encountered in the SAWS 

Engineering Test. In June 1966 Colt's resubmitted a January 1966 

RTA proposing to steel shot peen the bolt in order to increase 

catigue life. Government approval was granted оп 13 September 1966. 
6. Shortcoming: Extractor spring failure. 

Consideration should be given to redesign of the bolt 

to permit a longer spring to be employed. 

Ji сесл damaged or broken extractor springs were encountered іп the 
SAWS Engineering Test. While the small size of the bolt has pre- 
cluded introduction of a longer extractor spring, chrome plated 
Chamvers vere introduced in September 1967 to lessen frictional 
resistance in the extraction cycle. No formal reports exist on 
follow-up action on thís reported shortcoming. 

The SAWS Engineering Test report, 107 in the section on findings 
contains the following statements suggesting areas for weapon 
system improvement, to which comments have been added. 

l. The present 5.56mm (55-grain) ball projectile 

is not optimum in over-all effectiveness, particu- 

larly at extreme ranges; an experimental 68-grain 

projectile appeared superior. 

No published work was done on bullet design in 1966. Оп 16 May 
1967 the Chief of Staff directed that the Commanding General, 


U.S, Army Materiel Command, conduct studies to determine the optimum 


10 SAWS Engineering Test, Final Report (DPS-1970) March 1966, 
Vol. I, p. 18. 
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5.56mm projectile design for the М16А1 system. The Ballistic 
Research Laboratories was to have reported on this by 31 January 
1968, but the date has been extended to December 1968, 
2. High-speed film results indicated that 
the charging handle on the ХМ16Е1 rifle occasionally 
unlatches and moves rearward with significant velocity 
during firing. 
As discussed above, a 1966 modification to the charging handle 
corrected this deficiency. 5 
3. The 5.56mm tracer cartridge was totally 
ineffective in penetration tests at ranges beyond 
700 meters. 
It is generally agreed that 700 meters is beyond the range of 
interest for rifles. Therefore, this conclusion reflects not a 
shortcoming in the М16А1 system, but rather a problem for the 
continued development of a 5.56mm machine gun system. The conclusion, 
however, is related to the tracer bullet break-up deficiencies 
reported in the second half of 1967, in Vietnam and at Development 


and Proof Services. USAMUCOM initiated no action in response to 


this SAWS Engineering Test conclusion. 


The SAWS Service Test 


The objective of the SAWS Service Test, conducted between July 
and November 1965, was to determine the operational suitability of 
candidate weapons. To accomplish this purpose, the overall test was 


divided into 20 subtests: preoperational inspection and physical 
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characteristics, training, rate of fire, sights, magazines, ammuni- 
tion and packaging, day and night tactical defense exercises, day 
and night tactical assault exercises, mounts, record and transition 
fire, signature characteristics, pointed fire accuracy, portability 
and aerial delivery, accessories and training aids, maintenance, 
durability and reliabtlity, versatility of weapon design, safety, 
human factors engineering, and value analysis. The analysis in 
this appendix is restricted to those aspects of the service test 
associated with ХМ16Е1 development and improvement, as opposed to 
those associated with its effectiveness as a combat rifle. While 
the Service Test conducted by the U. S. Army Infantry Board (USAIB) 
at Fort Benning did not have as its primary mission development of 
data for engineering analysis, it did record data on twice as many 
rounds (95,720 as opposed to 44,036) as did the SAWS Engineering 
Test, Ғігес by 20 different ХМ16Е1'3. Only 10 different 
XML6EL's were considered in the Engineering Test. In particular, 
this analysis is concerned with the results of the magazine, 
maintenance, and durability and reliability subtests, and the USAIB 
listing of deficiencies and shortcomings. 

Magazines. All candidate weapons were faulted for not having 


а SO-round capacity magazine, which had been stated as an objective 


criterion by USACDC. The XMI6El was faulted for not having a 


multiround magazine charging device. Several months after the 


completion of the SAWS Service Test, Frankford Arsenal completed 


development of a 10-round ammunition clip and magazine charging device, 
which is now used in the tactical packaging of all 5.56mm ammunition. 
A high incidence of bolt overrides and double feeds was ex- 


perienced with the ХМ16Е1, 


The magazine follower does not rise evenly 

within the magazine because the magazine spring 

Slides on the magazine base, occasionally causing 

the round to be improperly indexed at the time the 

bolt begins its forward movement. . . . It was 

discovered during testing that 21 rounds could 

be charged into M14, ХМ16Е1 (and other) . . . 

magazines. . . . No apparent adverse effects 

resulted from overcharging the magazines. However, 

throughout all testing, test soldiers were чаи + 

against charging extra rounds into all magazines ==! 
The comment on overloading magazines is at variance with Vietnam 
reports, but thís variance may be due to environmental and propellant 
effects on typical operating energy levels. Under non-adverse 
conditions at the USAIB with clean rifles and with ball propellant 
and the old buffer, there may typically have been sufficient 
energy available to feed the first of 21 rounds without failure. 

Maintenance. The carbon build-up in the XM16El . . . 
(and other 5.56mm rifles) was excessive in the operating groups 


and {п the bore. The removal of this carbon was difficult and took 


&n excessive amount of tine, / The 5.56mm ammunition used 


ll 55418, SAWS Service Test, December 1965, p. 87. 


e š 
E) 12 tbid, р. 172. 


contained WC 846 (ball) propellant. The statement on fouling 

was later substantiated for WC 846 propellant by Frankford Arsenal 
in a cest directed by the Project Manager, В1Е168,-13/ USAIB 
-accivod XML6EL's with М11 cleaning rods but without bore cleaning 
brushes, Тһе 3-piece MLL cleaning rods were found unsuitable, 

“113% they mushroomed and flared at the joints, breaking frequently. 
Thov have since been replaced by a new 4-р1есе cleaning rod. The 
CSALB also identified 14 the need for а chamber cleaning brush, 
which subsequently was first fielded in May 1966. No comment was 
made as to the desirability of in-stock stowage of cleaning equipment 
cov баз 1981. The report noted simply that cleaning equipment 
was carried in the bipod case and that this method was judged 
adequate. 

Durability and Reliability. Using observations and data collected 
on the 20 XIL6EL's firing а total of 95,720 rounds in the SAWS 
Service Test as a basis, the USAIB stated the following were signi- 
ficant with respect to durability (1-4) and reliability (5-11): 

1. Four incidents of bolts being cracked or broken. (Аз noted 
above in the discussion of follow-on actions to the SAWS Engineering 
Test, approval was granted on 13 September 1966 to steel shot peen 


the bolts in order to increase fatigue life.) 


13 Frankford Arsenal, Feb 66, A Test of Cartridge, 5.56mm, Ball 
M193, Lots RASO74 and WCC 6089 in Rifles, 5.56mm ХМ16Е1 and АВ15, 


~ The need for a chamber cleaning brush had previously been 


identified in 1964, 
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2. Four incidents of the bolt carrier keys, having to be 
retorqued. (On 16 February 1966, government approval was granted 
Colt's to change the bolt carrier key surface roughness requirement 
So as to specify a standard grind finish in order to control flatness 
more closely. While the Service Test was ín progress, the bolt 
carrier key was modified to chrome-plate the interior and parco- 
lubrite the exterior.) 

3. Five incidents of the buffer assembly roll pins being 
separated or deformed. (These pins were eliminated by E 
a redesigned buffer in 1966. However, the deficiencies encountered 
in the roll pins of the original design were never cited in the 
justification for the redesigned buffer.) 

4. 24 incidents of the firing pin retaining pin being cracked 
luring Бос Un January 1966 an RTA was submitted and approved 
requesting changes in the material and hardness specification in 
order to improve quality and reliability.) 

5. 532 failures of the bolt to remain to the rear after the 
last round of a magazine had been fired. (These occurred on average 
with every ninth magazine fired. The association of this malfunction 
with cyclic rate was confirmed in the Frankford Arsenal test of 


SAWS ammunition lots mentioned previously.) 


15 This same deficiency had been reported in the series of 
tests Comprising the 1962-1963 comparative evaluation of the ARIS, 
M14, and AK47, 
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6. 188 incidents of the bolt overriding the base of the round 
in feeding from the magazine. 

7. 251 failures to eject. (This was the second most common 
malfunction - after failure of the bolt to remain to the rear. 
As evidenced by the January 1968 Weapons Systems Evaluation Group's 
test of the operational reliability of the М16А1 in Panama, failure 
to eject, associated with the use of ball propellant, continues to 


be a common and serious cause of malfunction.) 


8, 1,242 malfunctions of various kinds, or one per four magazines. 
(The Frankford Arsenal post-SAWS test of 5,56mm ammunition identified ex- 
cessive cyclic rate with ball propellant as the cause of many of those 
malfunctions. The buffer modification has resulted in lower cyclic 
and malfunction rates.) 

9. One incident of the selector switch being inoperative. 
Selector switches are checked on a 100 percent basis in the quality 
assurance examination at Colt's.  Inoperative selector switches 
have been reported by other agencies. 

10. One incident of the front sight post being frozen. 
None of the 20 XM16El's tested had fewer than 4 malfunctions per 
1,000 rounds and none had more than 22, with individual rifle 
malfunction rates reasonably distributed between these limits. 


Thus, the data are not biased by typically good or bad rifles. ТЕ 
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із interesting to note that 100 Ml4's were used in the SAWS Service 
Test, whtch yielded a significantly larger and more meaningful 
data base -- 100 М1418 and 445,265 rounds fired. 

Shorteenings: Appendix IV of the SAWS Service Test Lists 


X116El shortcomings: 


1, Sight did not have a visual scale for determining zero. 


(Ths М16-ХМ16Е | Rifle Technical Coordinating Committee approved a 


new design for the rear sight correcting this shortcoming on 13 
April 1966.) 
2. Front sight required a tool or cartridge for adjustment. 
Сіз change has been made.) 
3. Front sight was not operable with minimum motion, (The firer 
took too long in adjusting elevation.) 
4. Bipod legs were not adjustable. (No change has been made, 
and bipods are no longer issued with each rifle.) 
5. Weapon fired with the safety-selector switch between the 
safe and semiautomatic positions. (The report did not say how many 
of the 20 XML6El's had this shortcoming. No changes have been made.) 
6. Rapid build-up and transfer of heat in sustained automatic 
fire caused difficulty in handling the weapon. (This shortcoming 
was reported for all automatic rifles. In fact, six Ml“ forestocks 
caught on fire during long- burst, sustained automatic fire testing,» 16/ 


7. Pointing characteristics were poor. 


1 
9 Usa, SANS Service Test, p. 231. 


C. М16 Buffer Development 
Background 


The most significant modification made to the М16А1 rifle was 
the change in December 1966 of the buffer (action spring guide 
assembly), because of its demonstrated effect on cyclic and mal- 
function rates and its sensitivity to propellant energy levels. 

The importance of the modification and the ensuing debate of buffer 
and propellants makes the buffer test program especially worthy 

of analysis. During the SAWS tests, the ХМ16Ё1 was reported to have 
excessive cyclic rates up to 960 rounds per minute as compared 
with the design or specification upper limit of 850 as well as 

an excessive number of malfunctions, At the same time, the nearly 
identical Colt automatic rifle, using a buffer of a new design, 

was significantly more reliable: 3.02 stoppages per 1,000 rounds, - 
compared with 11.15 for the XMI6El. Тһе new buffer design had 

increased mass and utilized sliding steel weights, rubber discs, 

and a polyurethane bumper in lieu of nested springs to cushion 

recoil forces. Colt's proposed such a buffer for the ХМ16Е1 іп 

January 1966, at which time Frankford Arsenal had just completed сөй fir- 


ings of 12,000 rounds in each of four XMl6El's ahd two ARIS s .17/ using the 


original design buffer, The Frankford tests confirmed the higher cyclic and 


Frankford Arsenal, Feb 66, À Test of Cartridge, 5.56mm, 
Bail, M193, Lots RASO74 and WCC 6089 10 Rifles, 5.56mm, ХМ16Е1 and 
MED ARIS, 
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malfunction rates for ball (WC 846) propellant, as compared with 

ТАМ (8136) propellant, that had been reported in the SAWS tests. 

In particular, failure of the bolt to remain to the rear after the 

12-7 round of the magazine had been fired increased dramatically 

^s & function of cyclic rates in excess of 850 rounds per minute. 

Col.'s tests had shown reduced cyclic rates with its new buffer design, 
АЕ ce 12-13 January 1966 meeting of the inter-service ХМ16Е1 Rifle Tech- 
nical Coordinating Committee, the responsibility for test and evaluation 
of Colt's proposed buffers was assigned to Springfield Armory. As 

a result in July 1966 USAWECOM adopted the new buffer design, and 

in December 1966 the new buffer entered production. Headquarters, 
USATECOM, directed on 26 June 1967 that a product improvement test 

of the redesigned buffer be conducted, using the old and new buffers 
with the objectives of comparing cyclic rates of fire and of com- 

paring the bolt rebound upon closing (bolt carrier bounce). The 

test, conducted between 7 September 1967 and 15 January 1968 

was the most thorough study of buffers for the М16А1, although it 

came 17 months after the decision to modify the buffer. 


Springfield Buffer Test 


Between 6 April and 13 May 1966, Springfield Armory 


evaluated four types of buffers, proposed by Colt's for the хм16Е1,-18/ 


18 Springfield Armory, 20 Dec 66, Internal Work Report оп 
Buffer for 5.56mm, ХМ16Е1 Rifle. 
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Bastcally all of the same design, these buffers contained sliding 

steel weights separated by rubber discs and had a polyurethane 

Ej er at the rear end. The differences between them were use of 

Гала N rubber or polyurethane for the discs and a cup or truncated 


сет shaped bumper. Three of each buffer type were available for 


ез. (For the Springfield buffer test firing schedules, see 
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The first phase of the buffer evaluation was conducted ас 
-65° Fahrenheit (F) using two different types of buffers in each 
of six ХМ16Е1!8, Nine lots of ammunition were used, 3 ball and 
2 tracer lots with WC 846 propellant, and 3 ball and 1 tracer lots 
with IMR 8136 propellant. Each rifle-buffer combination fired 
1,000 rounds with each of three kinds of ammunition — ball with 
WC 846 propellant, ball with IMR 8136 propellant, and tracer, with 
the following results: 

1. Buffers 1 and 2 were tested in the same 3 rifles, Buffer 


2 had, with each type of ammuntion, associated cyclic rates 


closer to 750 rounds per minute and fewer malfunctions than Luffer 1.19/ 

Buffer 1 was eliminated from further consideration. 1 
2. Buffers 3 and 4 were tested in the same 3 rifles. This 

set of 3 rifles was different from the set in which buffers 1 and 

2 had been tested. Buffer 3 had, vith WC 846 propellant, an asso- 

ciated cyclic rate closer to 750 rounds per minute and fewer mal- 

functions than buffer 4. Ву the same criteria, buffer 4 was better 

than buffer 3 with IMR 8136 propellant and tracer ammunition. 

Buffer 4 was eliminated from further consideration. 
With three types of ammunition, one should conduct 216 firing 


cycles, which at 1,000 rounds each (or even with а smaller number 
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19 750 rounds per minute is the nominal XM16E1 cyclic rate. 
The permissable range is 650-850 rounds per minute. 


of rounds) would provide sufficient data to permit an analysis of 
variance or correlation analysis. Such analysis could prove with 
statistical confidence the association or nonassociation of 
differences in cyclic or malfunction rates between different types 
of buffers. However, the sample as tested was too small to permit 
statistical analysis, (36 firing cycles with 12 variables tested in 
| 6 rifles) and the results were sufficlently varied, especially 
with respect to buffers 3 and 4, to inhibit obvious conclusions, 
Yet choices had to be and were made, Two types of buffers were 
eliminated from further testing at ambient and +155°F temperature 
on the basis of a small data base collected at -659F. If the 
objective of the elimination of two types of buffers was to reduce 
the test matrix, a more accurate criterion would have been performance 
at ambient, rather than -65°F temperature. 

At -65°F а total of 36,000 rounds was fired, with the majority 
of malfunctions being the bolt's overriding the base of the cartridge, 
and the bolt's failing to remain to the rear after the last round 
had been fired. No analysis was made of these or other malfunctions 
with а view to improving the design of the ХМ16Е1 or its magazine. 

2 5 : The second phase of the buffer evaluation wis conducted ас 
B. *1559F, using buffer 2 in each of 3 rifles and buffer 3 in each of 
another set of 3 rifles. Preliminary firings had shown significant 
- differences in average cyclic rates and numbers of malfunctions for 


these rifles at ambient temperatures with the standard buffer. 


65) (See Table 2-8.) The comparative evaluation of buffers 2 and 3 ас 


TABLE 2-8 — CYCLIC AND MALFUNCTION RATES 
FOR TEST RIFLES 


Number of Malfunctions 


Average Cyclic Rate in 600 Rounds per Rifle 
WC 846 IMR 8136 WC 846 IMR 8136 


Ambient Temperature, 
Standard Buffer 


Set of 3 rifles using 894 802 118 5 
buffer 2 


Set of 3 rifles using 962 848 165 7 
buffer 3 


155°F, Standard Buffer 


Set of 3 rifles using 958 b/ 1968/ м 
buffer 2 


бес of 3 rifles using 985 b/ 2223/ b/ 
buffer 3 


Number of malfunctions in 1,000 rounds per rifle, 
b Not fired. 


155°F and ambient temperatures in no way accounted for the demonstrated 
performance difference between these sets of rifles. 
Comparative evaluation of buffer 2 and 3 showed, for an average 
of three rifles per buffer type at 155°F, that with both ball and 
IMR propellant buffer 3 had an associated cyclic rate closer to 


750 rounds per minute and fewer malfunctions than buffer 2. However, 


from these results, based on 12,000 rounds, it is not possible to deter- 


mine statistically significant differences between buffer types. No firin 


were conducted with tracer ammunition because tracer cartridges 
vere in short supply. 

The third and final phase of the buffer evaluation was a repeat 
Or the second phase at ambient temperatures, except that only 600 
rounds were fired from each rifle-buffer-ammunition combination for 
а total of 7,200 rounds. No tracer ammunition was used, Statistically 
5.13 uere no significant differences in observed results between 
buffers 2 and 3. Further, such results were influenced by the 
demonstrated differences in the performance of the individual rifles. 

The Springfield report summarized its conclusions: 

As intended, the proposed buffers produce a 

reduction of cyclic rate and a corresponding re- 

duction of malfunction ate when Firing ammunition 

loaded with ball (WC 846) propellant, however the 

improvement has not reduced the ma} function rate 

to ап entirely acceptable level.— 

Detailed conc!usions were that: 

1. The performance with the proposed buffers and WC 846 
propellant was not as good as previous XM16El performance with 
standard buffers and with IMR 8136 propellant. 

2. With IMR 8136 propellant, ХЧ16Е1 performance with the 
proposed buffers was not much changed from previous ХМ16Е1 performance 
with standard buffers. 

3. The average cyclic rates of fire at -65°F with WC 846 


propellant and the proposed buffers were within the range considered 


20 Springfield Armory, 20 Dec 66, Internal Work Report on 
Buffer for 5.56mm, XM16El Rifle, р, 2. 
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desirable for good weapon function, At 1550F the cyclic rate was 
higher than desired but lower than with the standard buffer. 

4. Buffer 2 had a more simplified design than buffer 3. 

The decision, based on the test data described above and on engineerin; 
judgment, was made in July 1966 to adopt buffer 2. It was introduce) 
into production rifles in December 1966, 

The Springfield Armory test of buffers was faulty or incomplete 
as indicated below: 

1. Two buffer types were eliminated from consideration after 
testing only at -652Е A more meaningful criterion would have 
been perforgance at ambient temperatures. 

2. Firings of 12,000 rounds with tracer ammunition were made 
only at -65 F, because of a shortage of ammunition. If additional 
tracer ammunition were not available for the buffer test, 
the test results would have been more significant if the tracer 
ammunition had been used only after elimination of two buffer types 
and at ambient temperatures, 

3. Tracer results were not presented by propellant types. 

4. More rounds (1,000) were fired for each rifle-buffer- 


ammunition combination at extreme (-650Р and 1559F) temperatures 
° 


than were fired at the more common ambient temperatures (600 rounds). 


5. In the firings at -659F only 2 buffers were used per rifle. 


No consideration was given to the statistical significance of the 


observed differences. There is a strong possibility that these 


differences ware due to chance. 


6. In the firings at 1550Е and ambient temperatures, only one 
buffer was used per rifle. The two buffer types were evaluated 
in tvo different sets of rifles, with demonstrated performance dif- 
fia 1065, 

7. The data obtained ас 155°F and ambient temperatures are 
incoaciusive, 

5. The test data and report do not demonstrate that the best 
buffer design was selected. 
CSATECOM Product Improvement Buffer Test 

Between December 1966 and June 1967 data on the redesigned 
al buffers were collected in the Colt's quality assurance firings 
for acceptance of rifle production lots. These data indicated 
the compatibility of the new buffer with the М16А1 weapon and amm'ni- 
tion system, but were not comparable with similar data derived from 
tests with the previous standard buffer because Colt's changed 
from IMR 8136 to WC 846 (ball) propellant-loaded ammunition for 
its acceptance testing when the new buffer design was introduced 
into production. Then, on 26 June 1967, USATECOM initiated 
comparative tests of buffers and propellants to confirm the compati- 
bility of the newly adopted buffer design with the М16А1 rifle system 
using both ball and IMR type propellants and to provide а comprehensive 


21/ 


evaluation of the old and new buffers in the М16А1 rifle.— 


21 USATECOM, Jan 68, Product Improvement Test of the Redesigned 
Buffer for М16А1 Rifles, (DPS Report 2662). 
See Table 2-9 for the subtests conducted, together with the 
objectives, evaluation criteria, and comments on the test design. 
. 2-44 
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(one 20-round continuous burst per trial) 


Number of Trials 
For Each Projectile-Propellant Combination For Each Buffer | 
Ва!1-8411 Ball- Ii Tracor-Bal] TracereIMR Standard Redesigneg 


Weapon Number 


1 2 2 2 2 4 E 

2 2 2 2 2 4 4 

3 2 2 2 2 4 4 

4 2 2 2 2 4 4 

5 2 2 2 2 4 4. 
| 6 2 а 2 2 5 4 

7 4 4 - - 4 

8 4 4 - - 4 4 

* 

9 4 4 . . 5 4 

10 - - 4 4 4 4 

u . - л 4 4 4 

12 - - 4 4 4 4 


USATECOM BUFFER TEST 
Table 2-11 - DESIGN OF EXYVIRUNMENTAL SUBTESTS 
80 rounds per trial for the high humidity and high temperature subtests 
140 rounds per trial fcr the fouling subtest 
200 r. is per trial for the low temperature subtests 


Number of Trials 


Weapon NC ner ‘TF Each Projectile-Prcoellant Combination => For each Buffer > 
"5 1-Ваїї Ball-IMR Tracer-3all  Iracer-IMA Standard Rede signe 

t 2 2 2 2 4 4 

2 2 2 2 2 4 4 

3 2 2 2 2 “ 8 

4 2 2 2 2 4 4 

3 2 2 2 2 4 4 

6 2 2 2 2 4 4 

7 4 4 . Р 8 4 

8 . . 4 4 
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USATECOM BUFFER TEST 
Table 2-12 = DESIGN OF EXTREME-ATTITUDE FUNCTIONING SUBTEST 
) 40 rounds per trial 


Number of Trials” 
For Each Projectile-Propellant Combination 
11-8411 Ball-IX8 TIricer-Ball Tracer-IMR 


For Each Buffer 


Weapon Number 


1 8 8 8 8 16 16 
1 8 8 s 8 16 њ | 
3 8 8 8 8 16 m 
4 8 8 8 8 16 16 
5 8 8 8 8 16 16 
6 8 8 8 8 16 16 


A& One-fourth of the trials for each combination of projectile-propellant and for each buffer was fired in | 
each of the following attitudes; all hand-held: 
89809 elevation, semiautomatic. 
d. go elevation, automatic. 


€.80? depression, semiautomatic. 
2800 depression, automatic, 


USATECOM BUFFER TEST 7 
Table 2-13 - DESIGN OF ACCELERATED RATE AND DYNAMIC DUST SUBTESTS 


140 rounds per tríal 


Number of Trials 
For Esch Projectíle-Propellant Combination For Each Buffer 


Weapon Number 


8311-38 Ball-IMR Тгасег-341] Tracer-IMR Standard Redes 

7 2 2 - - 2 2 
8 2 2 . - 2 2 
9 2 2 . - 2 2 

e 

to . 2 2 2 2 ( 
11 • - 2 2 2 2 
12 . . 2 2 2 2 


USATECOM BUFFER TEST 
Table 2-14 - DESIGN OF SALTWATER IMMERSION SUBTEST 


300 rounds per tríal 
Number of Trials 


Weapon Number For Each Projectile-Propellant Combination For Each Buffer 
gall-Ball Batl-IMR Tracer-Ball Тхасет-ТМК Standard’ Redesign: 
1 1 - - . - 1 
. 2 1 - - . - 1 
3 1 - - - - 1 А 
4 . 1 - - - 1 | 
3 - 1 - - 5 1 | 
6 - 1 - . - 1 | 
7 . - 1 - - y 


Е - - 1 


- - E 1 . 


ты standard buffer was not tested because the test was considered severe enough to destroy 
the weapons, Rather than use half the weapons for each buffer, only the redesigned buffer 
was tested, using 3 weapons for each projectile-propellant combi nat ton. 
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The test matrices for this USATECOM test (Tables 2-10 through 2-14) 
prescribe a dramatically more valid test, than did the thin, incom- 
plete matrix used in the Springfield Armory buffer firings (Table 
2-7 above), 

The USATECOM buffer test presents two types of data for each 
subtest — cyclic rate and reliability. On the basis of these 
data the two buffer designs can be compared meaningfully. The 
sample size of rifles (12) was sufficiently large to compensate 
for individual rifles which happened to be bad performers. The 
importance of this is demonstrated in the fouling subtest in which 
12 rifles fited an average of 1,820 rounds each with an average of 
18 malfunctions per rifle. (See Table 2-15.) 


Table 2-15 — MALFUNCTION INCIDENCE I.' THE FOULING SUBTEST 
(1,820 ROUNDS PER RIFLE) 


Rifle Number Number of Malfunctions 


1 
2 
3 
4 28 
5 
6 


син ДА ЗЕМЉЕ и 
Note that rifle number 6 had 3 times the average number of malfunctions; 
47 cf these 57 were failures to feed the first round in the magazine. 
Thes- failures were almost uniformly distributed over ammunition type 
(13, 13, tl, 10 for the four types, respectively); and over mode 
of fire attempted (automatic or semiautomatic) for each buffer 
type, although of course, all first rounds in the magazine are | 
121711 fired semiautomatically. Furthermore, for each of the 16 
possible combinations of ammunition, buffer, and mode of fire attempted, 
thore ware о 2 and 4 failures, which demonstrates the uniformity 
of t^e distribution, This uniformity means that the high malfunction 
incidence did not distort the comparative results for buffers, with 
any amnunition type. 
Similarly, Table 2-16 displays the malfunction incidence in 
the extreme low temperature subtest. 
Table 2-16 — MALFUNCTION INCLDENCE IN THE EXTREME LOW ` 


TEMPERATURE SUBTEST 
(2,235 ROUNDS PER ЧЕАРОМ) 


Rifle Number Number of Malfunctions®/ 

1 36 

2 32 

3 80 

4 61 

5 74 

6 55 

7 53 (These rifles fired 
8 36 only ball ammuni- 
9 107 tion.) 
10 48 These rifles fired 
11 180 only tracer ammuni- 
12 54 tion.) 


8 The average number of malfunctions per weapon was 68. 


b 
T 1 (3t the aver for ај! rifles) 
of the mafin ота ЕЛИ Mest and |. percan: ns out 5) 143 5 the 
malfunctions . iz ФЕ 842 humidity subtest. Іп che, saltwater ілгегеіоп 
gubtesc, this rifle 17 рессеа: 02 the total malfunctions while 
firing only 9 а of the total number of rounds fired. 
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Rifles firing tracer ammunition exclusively had 86 (44 percent) 

more malfunctions than those firing ball ammunition exclusively. 

As each rifle was fired with both the standard and the redesigned 

buffer, and as there were 12 rifles and 12 buffers of each design 

in the test matrix, characteristicly poor performance, in comparison vith 
the other rifles, in one or two rifles did not distort the results. 

In the SAWS Engineering Test the data were not significant because 

they had been collected only on two XM16El's and then frequently 

with great variance. 

Cyclic rate in the USATECOM buffer test data are sufficient to 
be meaningful. Cyclic rate was measured at least twice under the 
conditions of each subtest, and again at the end of each subtest 
at ambient temperatures after cleaning and lubrication. The test 
matrix for cyclic rate determination was sufficiently large to provide 
valid data,  Anamalous results are infrequent and are compensated for 
by the test matrix. 

The one question raised by a review of the January 1968 
USATECOM buffer test report was whether or not the ammunition used 
met the specifications with respect to port pressure, a matter of 
critical importance because of the association of port pressure with 
operating energy levels and cyclic rate, and hence with malfunction 


rates, The buffers were being compared on the basis of cyclic and 
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malfunction rates, and such comparisons would be largely ог totally 
invalidated if the ammunition lots used did not produce typical 
operating energy levels, as indicated by port pressures — that is, 
did not meet the port pressure specification, Acceptance data from 
Twin Cities and Lake City Army Ammunition Plants showed that all 
four of the Lots used by USATECOM met the port pressure specification, 
However, USATECOM conducted port and chamber pressure verification 
tests for the four lots, and found that for three lots the port 
pressures were below the specifications. There are several explana- 
tions, the most likely being calibration differences, or possibly 
chance factors in Selection of the sample. The Project Manager, 
Rifles has directed that Frankford Arsenal resolve the differences 
in the reported port pressures. 227 In the meantime, it is unlikely 
that the lots used at USATECOM were not substantially equivalent 

in terms of port — to lots being produced and issued for 

use in Vietnam, Consequently, it 15 unlikely that the ammunition 
characteristics of the lots used at USATECOM have invalidated the 


results of the buffer test.23/ 


22 No estimated completion date was available as of 1 Мау 1968. 


23 This judgment 18 based on the fact that the lots at Twin 
Cities and Lake City meet the specifications in government tests 
at those installations, and therefore correspond in port pressure 
to other ammunition lots being produced. 
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D. Analysts of М16А1 Svstem Tests 


This section analyzes MI6AL system tests, seeking in particular 


weaknesses in past test policies and procedures as they were applied 

to the M16 and areas which need be given careful consideration іп 

view of present and future policies and procedures. The intent 

is to identify, where possible, gaps in the test data collected, 

and to discuss the validity of the statistical design of tests, 

the test criteria, the significance of test results, the adequacy 

of the follow-on weapon design and reliability data analysis, | 

and the consistency of follow-on actions with the test results, 

In each instance the shortcomings fall into two categories —the 

tests did not include all that might appropriately „ve been done, 

and the agencies did not make the best use of what was done. 

Gaps in Test Data Previously Collected 2 
With the aid of hindsight, reinforced by reports of malfunction 

problems encountered in Vietnam,it is now easy to see the faults 

in the testing cycle for the М16, A major weakness was in the lack 

of kinematic24/ analysis of M16 weapon functioning, although kinematic 

analyses were conducted on other small arms systems. In 1964 the 

0,5, Army Weapons Command requested that the BalPistic Research 

Laboratories (BRL) make a kinematic evaluation of the 5,56mm Armalite 


AR18 rifle to determine the soundness of the design because adverse 


-results had been obtained in tests of the AR18 at Fort Benning, 


24 1.е., а ии eee study of the weapon's 
operating parts. 
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Georgia, and Aberdeen Proving Ground, Maryland 224 Also in 1964, 

tices prototype weapons from each of the four contractors for the 

Special Purpose Individual Weapon system (SPIW) were delivered to 
| ЕЛЬ fov kinematic analysis and evaluation to furnish data for selecting 
the prototype which could be best developed to meet the requirements 
fav stes ӨРІМ system, 287 At the same time, first deliveries of М1618 


апп ХЯ168 115 were being received from Colt's who had requested 


waivevs (granted between April and June 1964) to permit acceptance 

of rifles with cyclic rates up to 900 rounds per minute. In 

Se pdaaber 1965 Colt's proposed permanent relaxation of the upper 

Lirit Zor cyclic rate from 850 to 900 rounds per minute when 

WC 346 (ball) propellant was used. In November 1965 there were 

numerous reports of excessive ХМ16Е1 malfunctions from the Small 

Arms Weapons Systems (SAWS) Study test sites. However, the 

Weapons Command did not request and the Ballistic Research Laboratories 
did not conduct a kinematic evaluation of the XML6E1, although 

reasons for such evaluation were at least as cogent as for the kinematic 


evaluations conducted on the AR18 and SPIW systems / Colt's 414 


< BRL Мето Rpt 1635, Feb 65, А Kinematic Evaluation of the AR18 
Rifle, Cal, 0.223. 

The АК18 was described аз a revision of the ARL5 rifle, designed to 
eliminate the difficulty in accurate aiming caused by the straight stock 
and high sights of the АК15, Another feature was improved portability by 
use of a folding stock. 


26 BRL Technical Note 1541, Aug 64, Kinematic Evaluation of the 
Special Purpose Individual Weapon Prototypes. - 
The four contractors were Aircraft Armaments, Inc., Harrington and 
€» Richardson, Springfield armory, and Winchester Arms, 


27 p&pS did conduct а special high-speed film evaluation of the 
Charging handle Latch Бус in the SAWS Engineering Test, but this 
, was їл по way а kinematic design analysis. A namene ere! 
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sone kinematic work to support the proposed new buffer design in 
О-селоег 1965 and January 1966, but it was limited in scope. 
While kinematic analysis should be an integral part of the 
Des lossent and introduction of an automatic weapon system, charac» | T 
terized by close tolerances and sensitivity to operating energy 
less, а thorough kinematic analysis of the ML6Al was not directed 
until January 1968, at which time it was treated as an item of 
highest priority within the U. S. Army Materiel Command. 


A second weakness in the testing of the М16 was that no formal 


ос informal laboratory work was done to conduct engineering analysis 
to improve the design and functioning of selected components, 


The M16 test program not only failed to include some important 
tests but also left a number of tests incomplete in térms of the 
$tated test purpose. The most notable example was the omission of 
cyclic rate measurements in the 17 March to 10 April 1964 firings 
for the engineer design test of alternate propellants for use in the 
3. 36mm М193 cartridge. 28/ This test resulted in approval of 
WC 846 (ball) propellant for loading in 5.56mm ammunition, although 


it was later demonstrated that the use of WC 846 propellant in place 


Development and Proof Services, APG, Firing Record S46440, 
Engineer Design Test of Alternate Propellants for Use in Cartridge, 
5.56mm, Ball, M193, 17 Маг - 10 Apr 64. 
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of DR 4475 or 8136 propellants had a significant effect on the 
functioning of the M16. Experience has proven the seriousness of 
the c-ission of cyclic rate measurements in this engineer design 
test of р: -spallants .28./ 
Тосахізшса has also proven the inadequacy of the M16 test program 

leitch ra3cect to коны testing, No tests other than the 

SAV 82200 tests ind limited user evaluation in 1962 have been cone 

а ‘у che U, S. Army under tropic conditions, In January 1968, 
uowever, the Weapons Systems Evaluation Group (EG) conducted ап oper- 

аб Тола! reliability test of the М16А1 system in Panama. On the other hand, 
S , exclusively in a tropic environzent, This shortcoming in the 

M16 test program is obvious in hindsight, but also results from 

inadequate foresight. The M16 was initially adopted, in January 

1963, for use by the airborne, air assault, and special forces 

units, In Decembar 1965 it was adopted as the standard rifle for 

the Vietnam war, and in November 1966 it became a standard 

Aray rifle, Yet in 1966, modification of the action spring 

guide assembly (buffer) was delayed while buna rubber discs were 

developed to pass a 2,000-round test at -659Р, and no tests were 
undertaken at the Tropic Test Center. In June 1967 Rock Island 


Arsenal completed a comprehensive evaluation of lubricants for use 


28 colt is had measured M16 cyclic rates as part of their à 
acceptance procedure since production began in March 1964. D&PS had y 
measured cyclic rates with othar rifles, most recently in the 7.6 2m 
M14 Comparison Test, D&PS Report 1175, February 1954, Thus, cyclic 


vate maasuremants for rifles was a common procedure, 
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with the М16, This test was to be supplemented by an evaluation under 
Arctic winter (1967-68) conditions, No supplement provided for 
environmental consideration by the Tropic Test Center .29/ 

Similarly, USATECOM completed an evaluation of the new puffer design 
in January 1968 and has in process (as of May 1968) an evaluation 

of the chrome plated chambers introduced into production ín September 
1967, without any follow-up or supporting test data from the Tropic 
Test Center, 

Another gap in M16 test data 18 the failure to 'consider 

tracer cartridges in lethality evaluations, Historically, 

tracer rounds have been used to designate, not defeat targets. 
Accordingly, the prinary emphasis has been on developing a round 

to match the ballistic flight characteristics of the ball ammunition, 
and гору зо. However, with an automatic rifle in 

the hands of each infantryman, the employment of tracer is of 
necessity modified, With the common 4-ball-to-l-tracer ratio, 

20 percent of a squad's ammunition is tracer. This 20 percent 


must be used to defeat as well as to designate targets, lest the 


29 
Arthur D, Little, under contract to DDRE, now has the mission 
of evaluating Асту and DOD policies and procedures for lubricant 
evaluation. š 
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squad's firepower be severely curtailed, Not until the summer 
of 1967, when the 9th Infantry Division reported an observed lack 
of lethal effects for the 5.56mm M196 tracer projectile, was tracer 
lethality for the M16 a subject of investigation or even of consider- 
асіоп,30/ Then, in November 1967, in tests of the XM177E2 sub- 
machine gun, USATECOM observed tracer projectile breakup within 
the first 50 yards from the muzzle when M196 tracer cartridges 
loaded with WC 846 ТЕТІ were fired at temperatures ambient 
in Vietnam (90°F to 1250Е), 
Statistical Design of Tests 

The problem of statistical design for tests of a rifle and 
ammunition system is essentially two-dimensional, For each individual 
characteristic to be tested, whether a product improved component 
or an environmental factor, there are the two questions of the 
breadth of the rifle sample, the number of rifles, and the depth 
of the firing, the number of rounds fired per rifle. Sample 
sizes must be statistically adequate with чезресе to both the 
number of rifles and the number of rounds fired per rifle. Yet 
in engineering tests, sample sizes that are too small to provide 
results with statistical significance are prevalent. A dramatic 


example is the unlubricated subtest of the SAWS Engineering Test. 


Lack of tracer penetration was noted in the SAWS Engineering 
Test (see page 2-28 above). 


Two XM16El's were supposed to fire 3,000 rounds each. The first 
had two stoppages in the 3,000-round schedule of alternating 
automatic and semiautomatic fire. The second had 59 stoppages 


after just 1,000 soda 2M 


at which time the test was terminated 
because of excessive malfunctioning. The probability that the 
two rifles tested represent the same populaiion of ХМ16Е1 "= 
is virtually zero. No further testing was conducted, however, 


and the results from the sample of two were averaged together 


to yield 15.3 malfunctions per 1,000 rounds. For all tests, the 


tha statistical levels of confidence in the results obtained should be 


reported, 
The statistical design of tests could be improved by developing 


and analyzing models of malfunction incidence with the object of 
determining the mean number of rounds between the occurrence of 

a given type of malfunction in rifles suffering the malfunction. 
Review of past M16 tests clearly demonstrates that some rifles 

are more prone to certain malfunctions than are other rifles 

tested under the same conditions, Knowing the frequency with which 
malfunctions bf а given kind can be expected, it is possible to 
estimate the number of rounds that should be fired per rifle to 


yield a reasonable degree of confidence that malfunction properties 


31 ysaTECOM distinguished between malfunctions which caused 
stoppages and those that did not. Only malfunctions causing 
stoppages are cited here and elsewhere in this discussion. 
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will be observed. At present, the reasons for the varying number 
of rounds fired in environmental tests cannot be determined, as in 
the SAWS Engineering Test: 20 rounds per rifle for the mud and 

dust subtests; 100 for sand; 1,200 for the extreme high temperature; 
and 3,000 for the extreme low temperature, 

Often the sample size is too small to permit statistical 
analysis, or even to compensate in a gross way for random varia- 
bility in rifles and ammunition. Statistical procedures are 
necessary to permit extension of the data from the relatively 

| few items actually tested to the population of rifles and ammunition 
represented. in the tests. The statistically predicted description 
of the population is the end object of the test program; the obser- 
vation of phenomena in the test sample is not. 

Another aspect of test design, conduct, and analysis is high- 
lighted by comparing any Army test with the Weapons Systems Evaluation 
Group's (WSEG) cest of М16А1 operational reliability, conducted 
for the Director of Defense Research and Engineering in Panama in 
January 1968. WSEG, with the support of the Institute for Defense 
Analyses, had a carefully developed test design, utilizing 192 
M16Al's in four combinations - chromed and unchromed chambers, 
and ball and IMR propellants - with controlled cleaning, firing, 
exposure, and magazine loading schedules. Between 5,000 and 6,000 


rounds were fired from each rifle, with detailed data recorded on 
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environnenta. conditions and functioning properties, The purpose of the 
test was to assess operational reliability, but in accomplish- 
ing this purpose, WSEG compiled a record of М16А1 malfunctions 
and possible causes more comprehensive than that contained in any 
Army report, The size of the sample of rifles and the number of 
rounds fired under each condition were sufficiently large to obtain 
enough malfunctions to permit statistical analysis. Thus, the WSEG 
test lends itself to engineering analysis of the weapon system, A7 
Variability of performance betveen lots of ammunition has been 
demonstrated in Army tests. Yet test designs nave not, and perhaps 
cannot, effectively randomize this variability because of the extensive 
matrix that would be required to sample typical ammunition lots, 
in addition to sampling rifles and firing an appreciable number of 
rounds from each ammunition lot. The 1967 Ballistic Research 
Laboratories! evaluation of barrel twist effects on accuracy 
handled the problem of variability among ammunition lots well. 
The main body of the test firings for accuracy with 1,000 barrels 
with the standard l-in-12-inch twist rate and 1,000 with a l-in- 
14-inch twist’ were made using ammunition with average accuracy 
characteristics, Recognizing that not all ammunition in the field 
has "average" accuracy characteristics, BRL fired from each of the 


2,000 rifles one 10-round shot group using ammunition with acceptable 


The WSEG data are discussed in detail in Appendix 6. 
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but marginal accuracy characteristics. Statistically valid 
statements could be and were made about bullet dispersion based 
on these firings, because the results considered variations 

i" aszformauce that one expects to encounter in the system as 
issued to the field, On the other hand, USATECOM in its 

ec jineering tests had greater difficulty in compensating for 
variations in the pressure-time curves between ammunition lots 
and the consequent effects on weapon functioning. Та practice 
USATZCOM typically utilized one lot of ammunition іп its 
engineering and service tests, thus not accounting for variability 
2: ammunition, but at the same time not allowing the results to 


be distorted by a chance variation not randomized. 


Test Criteria 


Individual test criteria and procedures with respect to 
the М16 warrant examination, beginning with the question of 
what type of results were soughts and going on to assess the 
validity of the way the test was administered, In the engineer- 
ing tests conducted at Aberdeen Proving Ground, the basic 
objective is to determine the technical properties, performance, 
capabilities, limitations, reliability, maintainability, endurance, 
and safety characteristics of an item or system and its associated 
tools and test equipment as described in the Qualitative Military 


Requirements (OR s) or the Technical Characteristics (TC's). 
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The basic objective of the service tests is to determine, under 
simulated or actual field conditions, to what degree the item 
or System and its maintenance package meet the characteristics 
described in the QMR and to determine the suitability of the 
item or system and its maintenance package for use by the Army. 
Questions of the efficacy of criteria are intertwined with 
statistical design and validity, as demonstrated in the SAWS 
Engineering Tests, Common ly, rifle bipods are justified because 
they improve accuracy. Therefore, the criterion chosen was that 
dispersion should be less with the bipod than without. While 
the criterion was reasonable, evaluation against it was not, 
because the results with and without the bipod were only slightly 
different, and there was a reasonable probability that this 
difference was due to chance. Any criteria based on comparison 
of results with a given data base can be evaluated with validity 
only if the comparison data base is statistically significant. 
Other tests like the Springfield Armory test of buffers did 
not specify any evaluation criteria; or like SAWS Service Test 
have unreasonable criteria — such as a 50-round magazine capacity 
for all rifle systems. Army test criteria frequently specify 
that the test item should be at least as good as the standard for 
which it is proposed as а replacement. Uncritical acceptance of 
such criteria can be troublesome, as any test system need possess 
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caly the characteristics required to fulfill its intended role, 


regardless of the characteristics of the standard item. This fact 


eugrges when the 5.56mm M196 and the 7.62mm M62 tracer cartridges 
avs co,pared. The 5,56mm cartridge is intended only for the rifle, 
at prasent, whereas the 7. 62mm cartridge is used in both rifles and 
machin: guns, Clearly, the 7.62mm M62 cartridge has trace and 

“:tvation requirements at ranges beyond those of rifle interest, 
and it is not necessary that the М196 tracer cartridge for the 


$16A1 rifle match the characteristics of the M62 tracer cartridge 


SAWS Engineering Test. 

Special problems arise with environmental test criteria. 
Obviously such criteria need to be sufficiently stringent so as 
to differentiate between weapon types under adverse environmental 
condítions and so that the weapon's performance reflects the presence 
of adverse conditions, On the other hand, such criteria must not 
be so severe as to induce a nearly 100 percent malfunction rate, 
thereby masking differences between weapon designg, Some tests 
utilize very severe adverse conditions, others test the 
rifle under moderate conditions, The SAWS Engineering Test mud subtest 


for the 160 machine gun, yet such a criterion was applied in the 


bordered on extreme severity, and was clearly too severe a test for the 


М14, 52 stoppages resulted in an attempt to fire 40 rounds. A part of the 


severity criteria is the duration of the test. In SAWS, the tests 
were of extremely short duration, but the more recent USATECOM 
buffer test had extensive environmental firings, which resulted 
in significant data, 
It has been suggested that the engineering test criteria 
av: not realistic, in that rifles are subjected to only one adverse 
ос Илїоп at а time, The current engineering test approach is correct. 
The WSEG Panama test was a test of operational reliability, and had the 
mission of testing under conditions like those in Vietham. However, 
arsineering tests are for weapon design and analysis evaluation. 
То tun a mix of adverse conditions would limit the engineering 
control of test variables, and would risk the masking of certain 
effects by more dominant ones, Yet an engineering test should 
determine all effects of environment, and these environments 
should be chosen so as to be demanding of the test rifle and 
representative of the worldvide range of environmental conditions. 
Tests should be conducted under conditions that place great 
but tolerable stress on the system under test. Since the SAWS 
Study, USATECOM has sought to determine temperature-humidity conditions 
under which propellant residue fouling most severely inhibits 
reliable weapon functioning. This work resulted in the decisim 


to conduct the 1967 buffer test fouling subtest at 20°F, At other 
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temperatures, fouling, while readily apparent, does not manifest 
itself as severely in malfunctions. Continued evaluation of 
conditions under which functioning is most critically affected 
is required, so that the MI6Al or any future system can be tested 
under the most severe conditions. Such tests, with subsequent 
applied engineering analysis, could then provide an improvement 
in the system, 

Another area in which M16 test criteria were deficient was 
the lack of standardization in testing procedures with respect 
to tests with the same objectives. It would seem reasonable that 
two tests with the same purpose should follow the same procedures „337 
In order for the results of any test to be considered reliable, 
they should be statistically reproducible. That is, if the same 
test procedures are repeated, the results of the two trials should 
be statistically equivalent. This would not be the case, of course, 
if the test procedures were not standard. Furthermore, it is 
often desirable to compare results of tests performed at different 
times or places or with different weapons. It is not at all clear 
how to compensate for different test procedures, assuming that 
Standard procedures do not exist, and thus at best the desired 


comparisons would be extremely difficult. 


33 


These comments are for tests conducted within the same 
time frame. Improvement (and hence alteration) of test procedures 
is expected and necessary over a period of time. 


ЕНИ 


This lack of standardization during tests of the М16 system 

is illustrated by service tests of the XM196 5.56mm tracer cartridge, 

The temperate climate condition test was conducted by the 0,5, 

Army Infantry Board (USAIB) and the test under arctic winter 
| conditions by the U.S, Army Arctic Test Center (USAATC), The 
objective of each of these service tests was to determine the 
suitability of the subject cartridge under the respective climatic 
conditions, However, the subtests and procedures differed. The 
arctic phase consisted of seven subtests, while the temperate 
phase consisted of these seven with two additional subtests, 
compatibility in automatic fire and human factors engineering. 

The objective of the accuracy subtest was {п each case to 
determine the accuracy, at various ranges, of the test cartridge 
and control cartridges for comparison purposes. In the arctic, 
type B targets were fired upon at ranges of 200, 300, 400, 
and 500 meters, Ас the USAIB, type A targets were fired on from 
ranges of 50, 100, 200, and 300 meters and type B targets were 
fired on from ranges of 400, 500, and 600 meters. In the arctic 
only semiautomatic mode was considered, while the USAIB also fired 
in the я mode. In the arctic test the rifles were zeroed 
at 200 meters using control cartridges. In the USAIB 
test they were zeroed at 50 meters using test cartridges, The 


object of the position-disclosing effects subtest was in each case 
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to determine the position-disclosing effects of the test cartridge, 
In the arctic, observers were placed downrange at 100 meter intervals 
out to 900 meters, as well as behind each firer., In the USAIB 
test, observers were positioned downrange at 100-meter intervals 
e? to 500 meters, The Arctic Test Center considered only 
conditions of daylight and darkness, whereas the USAIB 
` considered twilight conditions, апу more differences in 
procedures can be shown with respect to these two subtests, as 
well as some of the other subtests among the common seven. 
А seccad example of nonstandardized procedures is evident 
in the 1116 product improvement tests of bolt assist devices. The 
purpose of these tests was to determine the suitability of the 
particular bolt assist device being tested. Examination of three 
Such tests performed by the USAIB on three тарысын. 
occasions іп 1963 revealed the following differences: 
1. Each used a different number of test weapons (3, 4, 9). 
2. The earliest test consisted of four subtests, the last 
three of which involved treating the weapons in some way, firing 
them, noting the malfunctions and noting whether or not they were 
cleared by using the test device, The two other USAIB tests 
involved only three subtests, because two treatments (liberal 


coating of oil and submergence in water) were combined into one 


test. 


3, А different total number of rounds was fired in each test 
(2,465, 2,886, 7,200). 

Examination of two tests conducted by D&PS on separate occasions 
cevealed the following differences: 

1. A different number of test weapons was used in each (5,7). 

2, Different subtests from the ones performed by USAIB 
vere performed by D&PS. The two D&PS tests did not consist of 
the same set of subtests because items other than just the bolt 
closure device were tested, 

3. In the dust subtest of one of these the barrel muzzle 
was taped со prevent dust from entering the bore. In the other, it 
was not. 


Malfunction Criteria 


The earlier discussion of the SAWS Engineering Test found 
fault with the summation of malfunctions and stoppages across all 
adverse condition tests and for all types of malfunctions, It 
would be useful to have a descriptive model of malfunction behavior 
under adverse conditions, so that malfunctions could be totaled 
in a reasonable proportion according to the test environment and 
could be totaled with account given to their rel&tive severity. 


Such a model would provide an index of the loss of rifle effective- 


ness in combat situations due to weapon malfunction. 
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The questionable validity of mere tabulations of malfunctions 
is generally recognized, Throughout the M16 test period, some 
reports have split malfunctions into categoties, according to their 
severity, Most successful of such classification of malfunctions 
was the WSEG Panama test, in which there were three categories: 

1. Malfunctions readily clearable by the firer, without 
assistance, 

2, Malfunctions clearable by the firer, using only tools 
normally available (cleaning rod, cartridge, and the like). 

3. Malfunctions that required attention by an armorer or 
the use of an armorer's tools, 

The categories were reasonable, and throughout the WSEG test 

report, malfunction data are presented by category of severity, 

as well as totaled for all malfunctions. There is, of course, 

the problem of consistent and correct classification of malfunctions 
by category of severity. 

When all data in a report are consistent for all environments 
and for all types of malfunctions, there is no need to combine 
or to choose.between data in order to arrive at determination of 
the better system. On the other hand, when a proposed product 
improved component is associated with fewer malfunctions of one 
type than the standard component, but more malfunctions of another 


type, a choice must be made as to whether the proposed component 


really improves overall system performance. Such was the case 

with th: January 1968 USATECOM product improvement test of the 

redesigned buffer, An interesting and valuable analytical method | 
ігі ing malfunctions is given in that report. All readily | 
cleazable malfunctions were assigned a numerical value of one, No value 
was signed Severe malfunctions. Rather, calculations were 

~ii- to determine what value would have to be assigned to the more 
severe malfunctions in order to reverse the preference between 

buffer designs, Military and engineering judgment could then be 

arolied to decide whether the weighting factor thus obtained was 
сзізопаоіе, and which design would yield the better performance 

results, In the USATECOM buffer test report, such a procedure 

yielded a weighting factor of 5.3 required to reverse results for 

all test co: ditions other than saltwater immersion ЭС -65°F, ТЕ 
military or engineering judgment should determine that difficult-to- 
clear malfunctions should not be valued as much аз 5,3 times the 

value of easy-to-clear serious malfunctions, then the redesigned 

buffer would be preferred on the basis of weighted malfunction 
experience. f the difficult-to-clear malfunctions should be 

so саса then the standard buffer would be preferred. This 

analytical model offers a method of combining different types 

of malfunctions, It would be useful as well to develop a model 

for the combination of different environmental malfunction rates, when 


there is a performance difference between candidate components 


under various environments, 


Validity of Test Results 


Examination of M16 test reports to determine how the test 
data were used to derive conclusions has shown that one of three 
Sek can be made about most reports. 

1, The report consisted only of tabulated data on which 
apparently no analysis was performed and on the basis of which 
no conclusions were drawn and presented in the report. 

2. The conclusions were Limited to statements describing the 
trends implied by the data, and were generally weak enough not 
to raise questions as to their validity. 

3. The-conclusions were strong statements with respect to 
the significance of test results, and the implication is made that, 
they have been drawn on the basis of some kind of analysis of 
the data, 

While the test reports in the first two categories failed to deal 
with data that could have been statistically analyzed with profit, 
it was most important to examine the reports in the third category 


to see how well the conclusions were supported by the data. It 


was found that the criteria used in drawing the conclusions commonly 


were not stated and that the statistical tests, ¿f any, performed 
on the data were not specified. In some cases, by emphasizing 
selected portions of the data, conflicting conclusions can be 

‚ drawn, Іп others conclusions can actually be refuted by performing 


@ statistical test on the data. 
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In the 1966-67 Arctic Test Center engineer design test of 
preservative lubricants, five lubricants were tested for effective- 
ness under arctic winter and spring breakup conditions. It was 
concluded that experimental lubricants A and B were best suited 
for U.S, Army use on small arms weapons under these conditions, 
Six firing tests (one test for each of 3 temperature ranges and 
2 lubrication methods) were conducted on four different type of 
weapons for each of the 2 modes of fire. In addition, a series 
of tests for several consecutive days of fire was performed. 
Although the basis for drawing the conclusion was not explicitly 
stated, it might have been the tote! number of malfunctions when 
they were summed over the entire series of tests, This sum was, 
in fact, smallest for A and second smallest for В. Summing 
the number of malfunctions over all tests performed obscured any 
effect that the four variables (weapon, mode of fire, temperature, 
and lubrication method) might have had on the lubricant. 

One can select subsets of the set of all tests performed for 
which the total number of the malfunctions would result in a 
different ranking of the lubricants. Based upon consideration 

of the total number of malfunctions as a function of type of 
weapon, lubricant A was not best for either the ХМ16Е1 or the ML4, 


Viewing the data in this way raises a question as to the influence 
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of the mode of fiir, temperature, method of lubrication, and the 
type of weapon on the effectiveness of a lubricant and makes 
questionadle the criteria on which the conclusion of this 

кей apparently was based. 

In January 1966 Colt's performed a test on the effect of the pos- 
ition of the powder in the cartridge on chamber pressure, port pressure 
and short-píston velocity, Two lots of ammunition, one containing 
WC 846 propellant, and one containing CR 8136 propellant, were 
tested, with 20 rounds fired from each lot. The position of the powder 
in the cartridge case (forward or rearward) was alternated with each 
round, The following observation was made: "The data shou по signifi- 
cant dependence of velocity, or of port pressure, upon powder position, 
with either of the ammunition lots tested."34/ There is по 
evidence that any statístical analysis has been made on the test 
data. in inspecting the port pressure data for the WC 846 
propellant, a difference of 300 p.s.i. was observed in the 
averages рог" pressures recorded for the two positions of the powder, 

А one-way analysis of variance test on the data indicated, іп 

fact, thac a significant difference did exist in th. mean values of 
(he port »r.ssure because of the position of tha powder, in 
contradiction «o the implication in the report that powder 


position 414 not affect port pressure. 


34 Colt's Inc., Effect of Ammunition Variables on Acceptance 
Testing of ХМ1551 Rifles, 17 Jan 65. 
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“se report, Evaluation Tast of the Rate of Rifling Twist in 
5415, by S&PS in January 1953 concluded "long range accuracy 

e..4 bullet stability cf the АК15 rifle with a rate of twist of 
‘= ис іп 12 inches were superior to those of the rifle with 
опе turn іп 14 inches." Тас use of the term "long range accuracy" 
in the above conclus..n is at least misleading, since the test 
ма: conducted at two ranges = 100 yards and 500 yards. Since 
there might be some question as to whether a single test at 
500 yards is sufficient basis for generalization as "long range," 
it would have been more precise to refer to 500-yard accuracy. 
Ib- report did not indicate specifically how the conclusion was 
supported by the data, nor do the data support the conclusion of 
superiority for the l-in-12-inch twist rate, Statistical analysis 
of variance has shown that there is no statistically significant 
difference in the mean radius data at 500 yards between the two 
rates of twist. 

The 1963 USAIB evaluation of forward assist assemblies 

stated conclusions for which either no supporting date 

were presented or for which the criteria were so obscure that 


it is impossible to determine whether supporting data exist. 


For example, the following partial conclusion was stated: "the 


bolt assist device did not significantly reduce the time required 


to reduce chambering or feeding stoppages after the first round 
was fired,"35/ со quantitative data supported this contention, 
Also, "The bolt assist device used in this test provides an 
adequate but not an optimum means of Spine the bolt of the 
ARL5 in event of a stoppage. 35/0 It is not at all clear how this 
Statement can be supported without first defining adequate“ and 
"optimum" in terms of some quantified criteria. А recent example 
of inadequate sample size and conclusions not supported by the 
data was provided by a 20 December 1967 test report on M16A1 
Chrome Plated Chambers. Chrome plated chambers are superior 

to non-plated chambers in avoiding failures to extract under 

dust and saltwater environments."27/ The report supported this 


conclusion with the following data: 


Failures to Extract 


Chrome Chamber Nonchrome Chamber 
Meapon 1 Weapon 2 Weapon 1 Weapon 2 


Statíc dust test 
500 rounds fired 
per rifle : 0 0 0 0 


Dynamic dust test 
820 rounds fired 
per riflea/ 0 0 1 1 


Saltwater immersion 
180 rounds fired 
per rifle 0 0 1 1 


8 The two nonchrome chambered rifles fired 1701 and 1760 rounds, 
respectively, Reason not given. 


35 Page 4, USAIB, Product Improvement Test of Armalite АА15, 
Rifle, 30 Aug 63. 

36 Page 5, USAID, Product Improvement Test of Armalite AR15 
Rifle, 14 Oct 63. 


Ч) Page 9, APG Letter Report оп Initial Production Test of Chrome 
Plated Chambers for М16АЇ gib i 40 Dec 67. 7 
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There were not enough failures to extract to make a valid judgement 
that the four that did occur could be associated with the fact 
that the chambers were not chromed. ' 
Weapon Design Analysis 

Small! аки, system tests must be more than data gathering 
activities. They should, especially the engineering tests, 
maintain the flexibility to бараа questions that arise in the 
conduct of the originally scheduled test series. A good example 
of such flexibility is the SAWS Engineering Test. After encountering 
frequent incidences of the charging latch handles moving rearward 
while the rifle was firing, D&PS took high-speed movies to analyze 
the malfunction, Its analysis led to a solution to the rifle 
design shortcomings and the introduction of a corrective modifica- 
tion. Yet in the same test series, when one rifle had a demonstrated 
tendency to ejection failures, not only was no analysis to determine 
the cause reported, but also the rifle was continued in use, The 
engineering tests should be dynamic and lead directly to engineering 
analysis, so that the cause of malfunctions can be identified, 
and not теге|у their existence or frequency. 

The Army and other Defense agencies have conducted large- 
scale tests of the М16А1 in recent years. All of these tests 
have recorded reliability data, Of course, there were differences 


in the data due to variances in judgment as to the type and 
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severity of а given malfunction and to limitations in some 

tests to observe each round fired, because of the operational 
nature of the test. This was particularly true in the field 
experimentation trials at the USACDC Experimentation Command 

at Fort urd, California, where test monitors could 

not interfere with the natural flow of the test runs lest the 
evaluation results be distorted. (Table 2-17 lists some of these 


tests to show the large number of rounds and weapons involved.) 


2-80 


АРЕН | 
171124 2 2 1413 1: 


Table 2-17 — MAJOR M16A1 TEST FIRINGS 


NUMBER OF ROZNDS FIRED 
Total Average per Wear: 


TEST NUMBER OF М16А115 


SAWS Engineering Test 10 59,845 5984 


SAWS Service Test 20 95,720 4786 


SAWS Troop Accept- 
ability Test about 100 215,020 2150 


SAWS Field Experi- 
mentation 120 437,692 3647 


USATECOM 1967 Lubri-" 
cants Test 120 294,353 2453 


USATECOM 1967 Buffer 
Test 12 99,891 8324 


1967 IRUS Field Ex- 
perimentation&/ 120 508,882 4241 


1968 WSEG Operational 
Reliability Test 192 1,088,135 5667 


1964-68 Colt's Quality 


7 Assurance Reliability 
Testb/ 139 780,662 5616 
Total 833 3,580,200 4298 
е | ° 
$i 
die] 
"^s 
$e * 


8 Infantry Rifle Unit Study (IRUS) conducted by USACDCEC, Fort Ord, Californta. 
b Through February 1968. 


These data and those developed in detail in analysis of М16А1 | 
reliability testing in Appendix 6 should be subjected to engineering 
analysis. The answers to questions similar to what types of malfunctions 
are most likely under certain conditions and what are the causes of the 
malfunctions experienced are required to provide 

further refinement and improvement in weapon design. There are 
isolated incidences where such analyses have been conducted. 

However, lethargy is typical of this kind of engineering analysis 
activity. Rock Island Arsenal took more than six months to | 
measure chamber dimensions on the rifles in the June 1967 lubricants 
test that were prone to failures to extract, in an effort to 

determine whether there was a difference in chamber dimensions 

between rifles prone and those not prone to extraction failures, 

Steps should be taken to increase the usefulness of field 
experimentation and troop test data in answering questions of 
engineering design. While USACDC's mission was not engineering 
testing, the rifle samples were typically large. Malfunction data 
have already been recorded as a byproduct of the combat evaluation 
mission. These same tests could serve a vital second purpose 
if their data collection permitted engineering analysis. Such 
data would be much like data obtained in the recent WSEG Panama 
test. Engineering tests at D&PS, which subject weapons to adverse 


conditions in detail, cannot have the relatively huge samples used 
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in the field tests. Both types of data are necessary for engineering | 
analysis. A sense of urgency about improving weapon design is 
| also required. The Army invests considerable time and resources 

in accumulation of test data. However, all too often the necessary 
! follow-on activity of analysis is neglected, although engineering 
analysis and not firing data will provide the significant return 


| on the investment іп test programs. 


E 
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Е, Conclusions 


1, The conclusions drawn in testing of the М16 system were 


often not clearly supported by the test data. 
2. Because of the small size of the sample and the variability 


between weapons, the results of the engineering environmental 
5 25s Could give only an indication of weapon performance, and 
„ then without great assurance, 

a. In several instances in the engineering tests, 
the stoppages of one of the two XM16El's used were attributed to 
the weapon and not to the environmental condition in which the 
узароп was tested. Despite this fact the rifle continued іп use, 
and the malfunctions were reported against the ХМ16Е1 in an 
evaluation of the envíronmertal test results. 

b. The dominance cf weapon-peculíar malfunctions (with 
incidence up to l-in-8 rounds) all but obliterates any useful 
output from the SAWS tests under environmental conditions. 

с. There 13 no evidence that any valid criteria were 
employed in deciding that the SAWS Engineering Test dust subtest 
Should consist of 20 rounds for each of two rifles, while 
M the extreme high temperature consisted of 1,200 rounds for each 
of two rifles, 

3. The summation of Engineering and Service Test malfunctions 


provided the data on which stoppage rate statements in the USATECOM 
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Analysis of Results of SAWS Engineering and Service Test and in the 
Infantry Agency's SAWS reports were based. However, no criteria 
were presented to support the reasonableness of this summation. 

4.. The Springfield Armory test of buffers was deficient as 
follows: 

a. Two buffer types were eliminated from consideration 
after testing only at -650Р. A better criterion would have been 
performance at ambient temperatures, 

b, Firings (12,000 rounds) with tracer ammunition were 
made only at -65°F because of a shortage of ammunition. If addi- 
tional tracer ammunition could not be made available for the buffer 
test, tracer ammunition should have been used only after elimina- 
tion of two buffer types and at ambient temperatures. 

c. More rounds (1,000) were fired for each rifle-buffer- 
ammunition combination at extreme (-65°F and 155°F) temperatures 
than were fired at the more common ambient temperatures (600 rounds). 

4. In the firings at -65°F on 2 buffers were used per 
rifle. No consideration was given to the statistical significance 
of the observed differences, 

е. In the firings at 155°F and ambient temperatures, 
only one buffer was used per rifle. The two types of buffer were 
evaluated in two different sets of. rifles, with demonstrated 


performance differences, 


Ё, The test data and report do not demonstrate that the 

best buffer dosizn was selected. 

5. The 26 June 1967 USATECOM comprehensive evaluation of the 
old and new buffers in the М16А1 rifle utilized test matrices 
which prescribed a dramatically more valid test, than did the thin, 
incomplete matrix used in the Springfield Armory buffer firings. 

6. In the case of the M16 there was no kinematic analysis 
of M16 weapon functioning, although kinematic analyses were conducted 
on other small arms systems, While kinematic analysis should be 
an integral part of the development and introduction of an automatic 
we a pon system, characterized by close tolerances and sensitivity 
to operating energy levels, a thorough kinematic analysis of 
the М16А1 was not directed until January 1968. 

7. The most notable example of incomplete testing was the 
omission of cyclic rate measurements in the 17 March to 10 April 


1964 firings for the engineer design test of alternate propellants 


for use in the 5.56mm M193 cartridge. This test resulted in the 


approval of WC 846 (ball) propellant for loading in 5.56mm ammuni- 
tion, although it was subsequently demonstrated that the use of 

VC 845 propellant in place of IMR 4475 or 8136 propellants had 

2 significant effect on the functioning of the M16. 

8. Experience has proven the inadequacy of the M16 test 
prozvana with respect to environmental testing. No tests, other 
thon the SAWS troop tests and limited user evaluation іп 1962, 
have been conducted by the 0,5, Army Tropic Test Center, On the 
other hand since production began in March 1964 the ML6 has been 
usad in combat exclusively in a tropic environment, 

9. A significant gap in М16 test data is the failure to 
consider tracer cartridges in lethality evaluations. 

10. The statistical design of tests could be improved by 
developing and analyzing models of malfunction incidence with the 
object of determining the mean number of rounds between occurrence 
of a given type of malfunction in rifles displaying the malfunction, 

ll. The statistically predicted description of the population 
is the end object of the test program; the observation of 
phenomena in the test sample is not. 

12. It would seem reasonable that two tests, in the same 
time frame, with the same purposes or objectives, should follow 


the same procedures. 


13. Small arms system tests must do more than gather data. 

а. These tests, especially the engineering tests, should be 
flexible enough to pursue questions that arise in the conduct of the 
originally scheduled test series. 
| b. The Army and other Defense agencies have conducted 

large-scale tests of the М16А1 in recent years. All of these 

tests have recorded reliability data. These data and those | 
developed in detail in an analysis of М16А1 reliability testing 

(Appendix 6) should be subjected to engineering analysis. 

c. Steps should be taken to increase the usefulness of 1 
field ойаны: and troop test data to answer questions of 
engineering design. While USACDC's mission is not engineering 
testing, the rifle samples are typically large. These same tests 
could serve a vital second purpose, if their data collectic permitted 
engineering analysis. 

4, The Army Weste considerable time and resources in the 
accumulation of test data, but all too often the necessary follow-on 
analysis is neglected. Yet engineering analysis and not firing 
data will provide the significant return on the investment in 


test programs. 
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14. In the December 1967 Initial Production Test of 
Chrome Plated Chambers for М16А1 Rifles, there were not enough 
failures to extract to make a valid judgment that the four that 
did occur could be associated with the fact that the chambers were 
not chromed. 

15. Test reports have not included statements of the 
statistical level of confidence in the validity of the results 


obtained and reported. 
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Audit iil] orelysis of М] 6 Tests and Evaluations 


The collection of 270 tests and evaluations of the М16А1 


inclosure, The chronological analysis indicates subsequent tests, 
actions taken, evaluations and decisions made vith regard to each 
test. The evaluations of the major series of tests presented 
by senior headquarters are correlated with subsequent decísions. 
The audit trail is divided into time periods. The first 
treats tests in the early developmental period of the М1641, 
prior to the 1962-63 comparative evaluation; the second deals with 
tests and evaluations resulting from the worldwide comparative 
evaluation of the ARL5, M14, and AK47 rifles directed by the 
Secretary of Defense; the third describes М1641 tests between 
the 1962-63 comparative evaluation and the 1965-1966 Army Small 
Arms Weapons Systems (SAWS) Study, and treats the more and the 
less significan’ t2sts separately. The fifth is che SAWS Study 
and its consequent evaluations and decisions. Tests and evaluations 
since the SAWS Study are divided into two categories - significant 
and less significant. Evaluations and studies are treated under 
the heading of tests, and wherever possible, the initiator of a 


test is given, together with the date the test was directed. Only 


3 


mwa 


=> 
E 


c» 


wy. Qrincipal findings, conclusions, or recommendations are cited, 
Tie test dates column indicates where possible the time period of 
©з actual testing (or evaluation), The report date would then 


! eine after the test dates. When the test dates were not 


| зама, a single date is given, which is the report date, 
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Appendix 3 
REVIEW AND ANALYSIS OF M16 RIFLE TRAINING 
A. History and Analysis of M16 Rifle Training Program 
Military training is separated into two broad categories, 
individual and unit training. Individual training is further 


divided into functional and MOS training, and is normally conducted 


in the training base, which consists chiefly of the Army service 
schools and training centers. 

Replacements to an oversea theater, in this case Vietnam, 
come directly from the training base, units, and installations, 
All replacements have to satisfy certain administrative and training 
requirements between the time they are notified of their oversea 
assignments and the time of their departure. These require- 
ments are satisfied by means of preparation of replacements : 
for oversea movement (POR) processing. When units are to be 
deployed, similar readiness requirements are satisfied during 
preparation for oversea movement of units (POM). 


During 1966 and 1967, M16 rifle training was made a part of 


— negate 


POR training for individuals and POM training for units. In addi- 
tion, the Army put heavy emphasis on providing M16 rifle training 
to its new soldiers in the training base who were training to be- 


come inf antrymen. 
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And finally, some units elected to exceed the POM requirement 
by providing additional М16 rifle training during unit training, 

Therefore, essentially four means have been used to provide 
M16 rifle training: РОК, POM, individual, and unit training. 
History and Adequacy of М16 Training 

The history of training may be divided into four time phases, 
beginning in November 1963. No distinction will be made between 
the AR15, M16, ХМ16Е1, and М16А1 except where it is necessary to 


understand the history of training. 


Phase 1: November 1963 - February 1965, The initial require- 


ment to train Army personnel with the М16 rifle arose іп 1964 from 
the purchase of 85,000 rifles by the U.S. Army. Except for 338 
rifles for test purposes, this was the first Army procurement. 
The contract was let in November 1963 (FY 1964) and the rifles were 
produced and delivered to the Army during 1964, 1965, and January 
1966, The 85,000 rifles were procured by the Army to equip .ir- 
mobile, airborne, and special forces units. (For a complete ac- 
counting of the 85,000 rifles as of 9 November 1965 see Table 1.) 
(For dates of issue to major troop units, see page 3-73.) 
The introduction of this new rifle -- the M16 -- into the 
Army started a chain of training events which began ín February 1964. 
In February 1964, the Department of the Army (DA) established 


the priority of distribution for the M16, with special forces first, 
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airborne divisions second, and the llth Air Assault Division third. 
The same month the U.S. Army Weapons Command (USAWECOM) announced 
that new equipment training courses on the 5.56mm ХМ16Е1 rifle would 
start at Lackland Military Training School, San Antonio, Texas, ap- 
proximately 6 April 1964, The purpose was to train a minimum number 
of key instructors and maintenance personnel, 


In March 1964, CONARC directed that training in the M16 rifle | 


would be a uuit responsibility and recommended а minimum training 
program, The U.S. Army Infantry School (USAIS) was to advise units 
and to assist in the conduct of instruction, The minimum training 
| program was developed by the USAIS to provide transition from the 
M14 rifle to the M16 rifle.  CONARC recommended this minimum course 
to the XVIII Airborne Corps and the Special Warfare Center in March 
1964. The course was arranged as follows: 
Orientation and Mechanical Training 2 hours 


25-meter Instruction Firing (six rounds 
fired from each of eight standard firing 


positions) 3 hours 
25-meter Battle Sight Zero (12 rounds) 2 hours 
Automatic Fire (20 rounds) | 1 hour 


The course required 80 rounds of ammunition per student. Neither 
DA nor CONARC directed that replacement training be initiated on 


the M16 rifle. 
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In April 1964, USAWECOM arranged to conduct new equipment 
training courses for Army personnel at the U.S. r Force Marks- 
manship School, Lackland Military Training School, Texas, Training 
was conducted by Air Force personnel of the Lackland Military Train- 
ing School. Four soldiers and eight Department of the Army civil- 
ians attended the course. 

On 7 May 1964, USAWECOM announced to USCONARC, U.S. Army, 
Europe (USAREUR), USARSO, and USARPAC that their commands would be 
provided a new materiel introductory briefing team and a new ma- 
terial training team to conduct operational, organizational, and 
field maintenance training for a nucleus of key combat and combat 
support personnel. 


On 16 June 1964, USAIS stated a requirement to USAWECOM through 


USCONARC for 100 rifles. Rifles were issued during 1964 to the QM 
School, Ordnance School, Infantry School, and the Special Warfare 
Center. 

In June, Technical Manual (ТМ) 9-1005-249-14, titled "Operating, 
Maintenance and Repair with Replacement Parts, Rifle, 5.56mm, M16 
and Rifle, 5.56mm, ХМ16Е1", was published. During the same month, 
the Ordnance Center and School at Aberdeen Proving Ground started 
а block of instruction on the М16А1 rifle in the Small Arms Repair 
Course. And finally, in June, CONARC provided DA with recommenda- 


tions for changes to the Tables of Allowance for training ammunition 
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for the purpose of establishing an authorization for 5.56mm ammuni- 
tion for training, 

In July 1964, USAMC allocated 18,500,000 rounds of 5.56mm ball 
ammunition to CONARC to establish unit basic loads and to support 
training. 

On 29 July 1964 USAWECOM asked USCONARC to reexamine the need 
for the briefing and training teams because of a shortage of train- 
ing funds, and for other reasons, 14 USCONARC passed the action to 
Third Army, which had the majority of M16 rifles. On 14 August 
Third Army replied that it had no requirement for the teams. In 
August 1964 both the briefing and the training teams visited USAREUR. 
On 31 August USAWECOM offered USCONARC a briefing and demonstration 
package for presentation 5 Forts Benning, Bragg, and Campbell; the 
briefings were conducted in October and November. 

In August 1964, armorer training was initiated in the General 
Supply Specialist Course MOS 768.2 at the Quartermaster School, 
Fort Lee, Virginia. 

In December 1964, USAWECOM briefing and training teams visited 
USARPAC at Hawaii and Okinawa, This concluded the new equipment 


training program, 


1 For other reasons, see page 3-158. 
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On 25 January 1965, FM 23-9, titled "Rifle, 5.56mm, ХМ16Е!", 
was published, superseding Trainiug Circular (TC) 23-B. During 
this period, the blank firing adapter was not {п production; al- 
though as early as December 1963 USAIS had informed USCONARC and 
the USAWECOM that there was a requirement for a blank firing adapter 
in the Army. 

Іп January 1965, at the request of Fort Gordon and USCONARC, 
Department of the Army authorized the issue of 250 rifles to Fort 
Gordon, Georgia, for the purpose of conducting M16 rifle training 
for airborne infantry replacements in the three entry level (lowest 
Skill level) infantry enlisted MOS's. These rifles were received 
by Fort Gordon on 24 February 1965. 


As of February 1965, the training base was as follows: 


Training on the M16 rifle was a unit responsibility. Special 
forces units and the airborne units provided initial training to 
their own personnel and to replacement personnel. 

Armorer instruction for the company level general supply spe- 
cialist (organizational maintenance) was being conducted at the 
Quartermaster School, Fort Lee, Virginia. 

Small arms repairman MOS training (field maintenance) was being 
conducted at the Ordnance Center and School ас Aberdeen Proving 
Ground, Maryland. The Special Warfare School and Center also had а 


course in M16 rifle training; mechanical training consisted of 
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rifle description, nomenclature, characteristics, disassembly and 
assenbly, operation, stoppages and immediate action, and maintenance; 
familiarization range firing was also conducted, Students in special 
forces and training adviser courses received 2 hours of instruction 
that included forty minutes of familiari.ation range firing. Spe- 
cial forces groups received 8 hours of classroom instruction, fol- 
lowed by range firing. 

It should be noted that there was no indication that any M16 


rifles other than the initial 85,000 would be purchased or used by 


the Army. 


Phase II: March 1965 to December 1965. In March 1965 Fort 


Gordon initiated replacement training on the M16 rifle for airborne 
infantrymen іп the three infantry enlisted entry level HOS“ s. The 
light weapons infantryman received 28 hours of instruction and the 
indirect fire crewman and the direct fire crewman received 4 hours 
of instruction, The purpose was to provide training on the M16 
rifle to replacements en гоцёг to airborne units in Vietnam. It 
consisted of mechanical training, zeroing, and record firing, and 
was the only replacement train! g јул" during 1965. 

From March co БесслЬег 1965, the remaining special forces, the 
airborne forces, and (һе llth Air Assault Division were issued the 


M16 rifle and unit training was conducted. During this period the 
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Army deployed four major combat units to Vietnam: 


Issue Date of Vietnam 
Unit M16 Rifle Close Date 
173d Abn Bde Dec 64 Mar 65 
lst Bde, 10186 Abn Aug 64 Jul 65 
lst Cav Div (AM) Jul - Aug 65 Sep 65 
lst Inf Div Jan - Mar 66 Jun, Jul, Oct 65 


The first three units to arrive ia Vietnam had been issued 
the M16 rifle in CONUS and Okinawa (173d Brigade) prior to deploy- 
ment and were a part of the original plan under which 85,000 rífles 
were procured for airmobile, airborne, and special forces. The 
fourth unit, the lst Infantry Division, deployed with the M14 rifle. 
| | During this period, officer and enlisted replacements assigned 
| | to the first three units listed above did not receive M16 rifle | 
training in CONUS, Exceptions to this were new soldiers who vol- 
unteered for airborne training and were assigned as infantry 
trainees to Fort Gordon for their advanced individual training, and | 
replacements who came from the 82d or 10186 Airborne Divisions, | 
Some student officers at the USAIS received М16 rifle training. 
In-country M16 rifle training was not directed by 0.5. Army, Vietnam 
(USARV) during this period, nor did USARV request DA or USCONARC to 
conduct M16 rifle training. 


The following is an excerpt from the Special Operational 
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Report: Lessons Learned, Department of the Army Staff, 1 January 
1965 - 31 October 1965, dated August 1966. 

Problem 

Introduction of the M-16 Rifle irt> КУМ without 


recognizing the training requirement wi: чіп the training 
base. 


Discussion 
The deployment of the Air Mobile Division and Air- 

borne and Special Forces Units armed with the M-16 Rifle 

to Vietnam established an immediate need for individual 

RVN replacements to be trained with the М-16, This head- 

quarters did not recognize the immediate need for M-16 

training. 

In July 1965, Fort Gordon submitted a repor ta / to USCONARC 
which showed experience obtained from training 1,022 trainees in a 
total of nine trainee companies in marksmanship on a record quali- 
fication course. This report stated that 1,022 men fired for record 
on the M16 rifle between 16 April 1965 and.23 June 1965. Of this 
number, 1,021 qualified (99.9 percent). Also, 1,091 men fired the 


M14 rifle on the same course of fire and on the same ranges between 


12 January 1965 and 2 July 1965. Of this number 1,030 qualified 


(93.7 percent). Hours of instruction for both weapons were identical. 


Advanced infantry trainees expressed an “overwhelming preference for 


the M16 over the M14." 


2 Ler, Fort Gordon to CG USCONARC, 15 Jul 65, sub: Per- 
formance s Rifle, 5.56ша, M16. 
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On 21 July 1965 the Commander, U.S. Military Assistance Com- 
mand, Vietnam (COMUSMACV), requested that current and planned 
United States troop units deployed to the Republic of Vietnam be 
armed with the ХМ16Е1 rifle. 

A Department of the Army staff paper, written in August 1965 
and titled Analysis of Army Rifle Requirements, considered the re- 


quest by COMUSMACV. This paper stated: 


Reequipping selected combat forces with the ХМ16Е1 

could be done most expeditiously. The alacrity with which 

a unit can perform this changeover is exemplified by the 

recent results achieved in the 1018: Airborne Division. 

In one battalion which was previously armed with the M14 

rifle, 90 percent of the personnel qualified as experts 

with the ХМ16Е1 rifle after the unit was reequipped and 

had conducted regular marksmanship training for 36 hours, 

In one company only 2 men failed to qualify as expert 

riflemen and both qualified as sharpshooters. 

This analysis also pointed out that the Army had had no problem 
with the then current delivery schedule for ammunition. 

Between July 1965 when COMUSMACV first requested M16 rifles 
and December 1965 when the decision was made to furnish M16 rifles, 
there is no evidence to indicate that any training plans were pre- 
pared by DA or USCONARC, пог 18 there evidence that those responsi- 
ble for. individual and unit training at DA and USCONARC were even 
aware of the possible introduction of M16 rifles into all combat 
maneuver battalions in, or to be deployed to, Vietnam. 


During the months of September and October 1965, Department 
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| of the Army, CONARC, and USAIS took action to establish Vietnam- 
oriented infantry advanced individual training (AIT) within the 
training base, specifically at Fort Gordon for airborne infantrymen, 
and at Fort Polk for standard infantrymen. The program was to be 
initiated at both Fort Polk and Fort Gordon on 1 December 1965 but 
did not include M16 training except at Fort Gordon where the in- 
struction consisted of mechanical training and record fire. 
Phase III: December 1965 to December 19663/ 
Vietnam oriented-infantry AIT began at Fort Gordon and at Fort 
Polk in December 1965. M16 rifle training as planned was а part of 
the Fort Gordon program but not а part of the Fort Polk program. 
On 6 December, COMUSMACV requested 170,000 rifles to equip 
| American, Korean, and Vietnamese armed forces in Vietnam, The ге- | 
quest was approved and a letter contract was let the following day 
for 100,000 rifles. At this time, there were 604 rifles in the 
training base. It is not known whether the training implications 
were considered in the decision to approve the rifles for Vietnam. 
Commander in Chief, U.S. Army, Pacific, (CINCUSARPAC) sent а 
message to Commander in Chief, Pacific (CINCPAC) on 11 December. 
The message commented on COMUSMACV's request for M16 rifles and 


stated: 


cd 


3 Information about the development of training literature is 
contained ín Part D of this Appendix and will not be repeated here. 
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М16 is simple weapon to assemble, operate, and fire, 

and poses no training or maintenance problems. Recommend 

4-day optimum training period. One day - mechanical 

training, functioning, assembly, disassembly, cleaning, 

and maintenance, Second day - firing positions, prelim- 

inary rifle instruction (PRI), and familiarization firing. 

Third and fourth day - record transition, field, and quick 

reaction course firing. 

MACV asked USARPAC, on 11 December, to forward a recommendation 
to DA requesting that M16 rifle training be completed, within capa- 
bility, for all infantry battalions, infantry squads of reconnais- 
sance platoons, and infantry replacements before their deployment 
to Vietnam, This same message stated that MACV would direct that 
in-country units scheduled for receipt of M16 rifles conduct M16 
training at the earliest possible date, and further, that the train- 
ing would approximate the optimum training program (four days) pre- 
viously recommended by USARPAC, 

DA received this message from CINCUSARPAC on 31 December: 

"It is requested that where possible М16 training be completed for 

all infantry battalions, squads of reconnaissance platoons, and in- 
dividual infantry replacements prior to deployment to Vietnam, / 
The Department of the Army arranged in December to borrow ap- 


proximately 3,500 M16 rifles and 10.5 million rounds of ammunition 


from the Air Force during the period December 1965 - May 1966. The 


^ Meg, CINCUSARPAC to DA, 31 Dec 65, sub: M16 Rifle Training. 
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Air Force M16 rifles were different from the Army XM16El rifles in 
that the Army rifle had a forward assist assembly; the Air Force 
M16 rifles were to be issued to the training base. 
On 12 January 1966, 12 days after the USARPAC training request 
was received, DA dispatched a message to CONARC which asked that 
CONARC determine its capability to conduct the requested training. 
The message read in part: 
Request that USCONARC determine the capability to 
conduct this training with present and projected rifle 
and ammunition resources and advise DA of plan to ac- 
complish NLT 19 Jan 66. 
In formulating necessary training plans it is es- 
sential that consideration be given but not be limited 
to the following: ) 
Weapons and ammunition for installations must be 
kept to the minimum consistent with the training re- | 
quirement and with full recognition of the critical 
status of 3. 56m ammunition. 


Possible reduction in ammunition requirements for 
M16 training now being conducted. 


Consider possibility of training being provided 
at Ports of Embarkation for these individuals, 


On the same day, DA notified USARPAC that (1) DA was taking action 


on the requested training; (2) delay was anticipated because of the 


necessity for redistributing rifle and ammunition assets; (3) future 
individual replacgments and units might not be fully familiar with | 
the ХМ16Е1, since] the М16 does not have the bolt assist; and (4) 


further informat would be provided as plans became available. 
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USCONARC acted quickly оп the DA request of 12 January. There 
were three implied mission contained in the DA message: (1) conduct 
POM training; (2) conduct POR training; and (3) initiate replacement train- 
ing in the training base. USCONARC was to develop a plan that | 
would provide for the execution of these three missions, and, at 
the same time, stay within the restrictive DA logistical guidance,2/ 
DA had also directed that USCONARC give consideration to the pos- 
sible reduction in ammunition requireme..ts "for M16 training now 
being conducted." 

The plan to train infantry replacements was developed in co- 
ordination with USAIS. First, USCONARC assumed that the term 
"individual infantry replacements" included infantry branch officers 
through the grade of major and enlisted men assigned in career 
groups 11В light weapons infantryman, 11С infantry indirect fire 
(mortar) crewman, 11Р infantry operations and intelligence spe- 
cialist, 11С infantry senior sergeant, and 11Н infantry direct fire 
(recoilless rifle) crewman. (DA was to add career group 110 armor 
intelligence specialist). The assumption as to the definition of 
individual infantry replacement was included in the USCONARC re- 


sponse to DA. 


5 Msg, DA to СС USCONARC, 12 Jan 66, sub: M16 Rifle Training. 
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Second, USCONARC planned to establish M16 rifle training in 
infantry replacement training centers, These centers provided 
military occupational skill (MOS) training leading to the award of 
MOS 11B, 11C, or 11H at the entry level, that is, 11810. Fortun- 


ately, this plan was simplified because of the recently established 


Vietnam-oriented infantry advanced individual training (AIT) at 


Fort Gordon for airborne-oriented infantrymen and at Fort Polk for 
standard or nonairborne-oriented infantrymen. All new soldiers to 
be assigned to Vietnam as infantrymen were identified during basic 
combat training and assigned to infantry AIT at either Fort Gordon 
or Fort Polk. It was, therefore, only necessary to procure M16 
rifles for Fort Polk, since Fort Gordon already had 500.6/ 

Third, since an individual infantry replacement could come from 
any school, unit, post, camp, station, or other installation in the 
Continental United States, USCONARC had to establish a system which 
would identify and provide training to every soldier in the speci- 
fied MOS between the time he was alerted for Vietnam and the time 
he departed his home station, regardless of where he was located 
in CONUS. 

USCONARC planned that all replacements levied from within each 


6 As a result of a request submitted by USCONARC 21 January, 
300 rifles were provided to Fort Polk in late February 1966. 
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army area would receive training at the area designated by the re- 
spective army commander. This training would be provided for men ! 
f who were assigned to Vietnam; it was POR training, although the 
term was not used at first. USCONARC also brought to DA's atten- 
. tion the fact that replacements who were levied from the USAMC and 
the USACDC would have to be trained. " 
With respect to unit training, there were only two units with Р | { 
| ' organic infantry elements tentatively scheduled for deployment ‘to ; | 
Vietnam at that time (January 1966): the 4th Infantry Division 
and the llth Armored Cavalry Regiment, The quantity of rifles re- | 
quired to train these units could not be determined because it de- 
pended on the unit readiness dates, which had not yet been estab- 
‘lished. Іп any case, M16 rifle training was an additional require- 
ment and would extend the training completion date of the two units. 
USCONARC responded to DA on 21 January 1966; the following are 
pertinent extracts from the message, 


It is . . . assumed that all infantry units іп КУМ 
are to be ultimately equipped with the M16 or M16El. | 


4 
| 
| 
With current and projected availability of Ml6s in А | 
training base, requirement to train personnel and units ЇЇ 
listed in reference С cannot be fully accomplished. The 5 
only infantry replacements who can be assured subject H 
training are those levied from units equipped with M16E1 | 
rifles, such as the Airborne units and those undergoing 
training at Fort Gordon and some officers CARS 
school at Fort жеш: 
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This Headquarters is not aware of any projected in- 
crease in M16 or М16Е1 rifles for this command, 

CONUS armies are being notified to implement above 
training plan with М16/М16Е1 rifles on hand or upon ге- 
ceipt of M16 rifles which are transferred to CORARC as 
requested paragraph 3, above. 


The eight hour training course this command will 
prescribe involves 62 rounds of ammunition (for KD 
ranges) or 52 rounds (trainfire range), which according 
to estimated requirements can be supported with current 
ammunition availability. 


| It should be emphasized that the part of the plan 
referred to in paragraphs 3B and 7, above (POR) will be 
relatively costly in terms of TDY and training and main- 
tenance personnel for the conduct of prescribed famil- 
iarization firing for non-Army training center КУМ in- 
fantry replacements. In view of this condition, which 
is dictated by the limited number of Ml6s to be made 
available to this command, it is recommended that care- 
ful consideration should be given to the provision of 
the same number of weapons to RVN to conduct familíari- 
zation firing in-country rather than in conus „7. 


Department of the Army approved the USCONARC training plan on 
27 January 19668/ stating that (1) the USCONARC recommendation con- 
cerning the conduct of familiarization training on the M16 rifle 
in-country was not favorably considered; (2) CONARC would train 
USCDC and USAMC replacements; (3) port calls would not be extended 


for the purpose of accomplishing this training. 


7 Msg, CG USCONARC to DA, 12 Jan 66, sub: M16 Rifle Training. 


8 Msg, DA to CG USCONARC, 27 Jan 66, sub: M16 Rifle Training. 
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The last point was particularly significant because, in ad- 
dition to the limiting factors of rifles and ammunition resulting 
from their critical supply status, no time was provided to carry 
out the training mission. DA had prescribed in 1965 a 16-hour 
Vietnam-oriented training program for every replacement and unit 
en route to Vietnam for which training time had not been provided, 
The 8-hour M16 rifle program plus the 16-hour orientation program 


made the total POR-POM training requirement for all Vietnam-bound 


personnel and units equal to 24 hours, for which no headquarters 
had provided training time, 
Another factor complicated the plan for POR training. Men at 
stations that did not have rifles, or that did not have the proper 
range facilities, would have to travel to installations which did 
| have the М16 rifle training capability. Neither the USCONARC mes- 
sage containing the plan nor the DA message containing approval was 
provided to USARPAC or USARV; the last two headquarters made по 
inquiry. | 
The DA-approved USCONARC plan satisfied the request made by 
USARPAC but it did not provide M16 rifle training for individual 
replacements with aoninfantry military occupational specialties who 
were organic to infantry battalions and who were armed with the M16 
rifle - for example, supply, communication, armorer, cook, and 


mechanic MOS. However, these specialties are common to so many 
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different units that if all the men possessing them were to receive | 
training with the М16 rifle, a large number of them would serve in 
units armed with the M14 rifle. 

One of the most important factors which ruled against extending 
M16 training to other MOS was the fact that more ammunition would 
be required, Although the USCONARC plan was based on the correct 
assumption that maneuver battalions were to be armed with the M16 
rifle, there were already three major combat units in Vietnam that | 
had been completely equipped (not just maneuver battalions) with | 
the М16 rifle in the United States under the 85,000-rifle plan. | 
Individual replacements to these units in noninfantry MOS did rot 
receive M16 rifle training in the continental United States, 

However, the stated MOS contained in the training plan did 
cover every man assigned to the three rifle platoons and the wea- | / 
pons platoon of the rifle company. Men filling the noninfantry MOS 
in infantry battalions prior to the deployment of the battalion to 


Vietnam would, and did, receive M16 rifle training under the plan 


to all men whose assigned weapon was the rifle. 


because the battalions gave training, not just to infantrymen, but | 
DA did rot make provisions to have M16 rifle training accom- | 


plished in U.S. Army, Alaska (USARAL), USARPAC, USAREUR, or USARSO 
for infantrymen transferred from those armies to Vietnam, 


On 31 January and 1 February, USCONARC provided information 
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and issued instructions to its subordinate headquarters во that 
the many required actions could be initiated to execute the M16 
rifle training mission, 
First, on 31 January, USCONARC told USAIS to prepare a train- 
ing program for the conduct of M16 rifle training in Vietnam- 
Ir ſented infantry AIT. The following guidance was given to USAIS: 
Standardize M16 rifle training in RVN oriented In- 
fantry AIT by using current training at USATC, Pt. 
Gordon as base. 9 
The M16 rifle (USAF) will be used in lieu of М14Е1 
rifle in automatic rifle instruction and qualification 
firing for MCS 11810, Light Weapons Infantryman, 
Familiarization instruction and firing will be 


added for MOS 11C10, Infantry Indirect Fire Crewman and | 
MOS 11H10, Infantry Direct Fire Crewman. | 


А lesser degree of skill was prescribed for MOS 11C10 and 


MOS 11H10 because the primary duty of these men was to operate their 


crew served weapons (half of the 11C's and 11H's in a rifle company 
are not even armed with the rifle). 

USCONARC also instructed Third Army and Fourth Army to in- 
corporate M16 rifle training as soon as practicable into Vietnam- 
oriented infantry AIT at Fort Gordon (in Third Army) and Fort Polk 
(in Fourth Army) as outlined by the training program to be developed 


by USAIS. 


9 Fort Gordon had initiatei M16 rifle training in March 1965, 
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The training program which was developed was patterned 

after the one being conducted at Fort Gordon, By early March, 

M16 rifle training was ín the Vietnam-oriented infantry AIT at 

Fort Polk. The program for 118 rifleman was designated Supplement 
to Army Subject Schedule 7-11B10 Light Weapons Infantryman, and 

was the same as that conducted for rifleman armed with the M14 
rifle. It consisted of 28 hours of mechanical training, zeroing, 
and semiautomatic and automatic rifle marksmanship training. 
Emphasis was placed on automatic fire. Mechanical training subjects 
taught were nomenclature, disassembly and assembly, rifle character- 
istics and capabilities, magazine loading and changing, stoppages, 
and immediate action. Care and cleaning training was conducted 

to include a prescribed 120-minute "practical exercise in the 

proper procedure for cleaning the automatic rifle." The terms 

“care and cleaning" and "maintenance" were used interchangeably 
throughout the training documents. 

The training program was very detailed with reference to 
markemanship. Qualification ratings and scores were established; 
provisions were made throughout the 28-hour program to provide 
remedial training for trainees who were unable to grasp any 
portion of the training. Trainees fired 234 rounds of ball 


ammunition and 148 rounds of tracer ammunition. 
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The Supplement to Army Subject Schedule 7-11C10 Infantry 
Indirect Fire Crewman and Army Subject Schedule 7-11H10 infantry 
Direct Fire Crewman prescribed two hours of mechanical training 
to include operation, functioning, reduction of stoppages, and 
disassembly and assembly of the rifle. The learning objectives of 
the trainee were to be able to operate the selector, load and clear 
the rifle, disassemble and assemble the rifle, apply immediate 
action and reduce stoppages, and make sight adjustments. 

The supplement also prescribed two hours of marksmanship 
training, with trainee learning objectives as follows: 

1. Apply steady hold to the rifle; 


2. Fire the rifle in its semiautomatic role from 
the prone, kneeling, and standing positions; 


3. Fire the rifle in its automatic role from the 
bipod supported prone position. 


Trainees fired 38 rounds of ball ammunition. The reference 
used for mechanical training in both supplements was FM 23-9. 

On 1 February 1966, USCONARC informed the CONUS armies and 
others of the M16 rifle training mission for Vietnam replacements 
in MOS 11B, C, D, F, G, and H, and for infantry branch officers 
through the grade of major. USCONARC assigned responsibility for 
conducting the training to Army Commanders for personnel from their 
areas to include USACDC and USAMC personnel. Available information 
on rifle distribution was provided and the armies were instructed 
to distribute rifles for training based on "factors of troop 


density, minimizing TDY costs, and maximum utilization of available 
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weapons," The training program was explained and the armies were 


required to submit a progress and completion report. USCONARC also 
stated, "Pending receipt of rifles, individuals alerted for RVN will 
not be delayed because of lack of M16 training." Since there was 
uncertainty about the identification and date of deployment of 
| units, the message advised, "Actions with respect to units which 
may be deployed to RVN and who require M16 training will be treated 
on a case by case basis," USCONARC anticipated that the program 
would "not be fully implemented until approximately 1 March due to 
the time factors involved in distribution of rifles and selection 
and training of personnel required to conduct the program," 
The 8-hour program directed by USCONARC consisted of 4 hours 
of mechanical training and 4 hours of marksmanship. The scope of 
! mechanical training was "Integrated conference, demonstration and 
| | practical exercises on nomenclature, disassembly, assembly, adjust- 
ment of sight tension, functioning, stoppages and immediate action, 
| саге and cleaning, lubricating, loading and unloading of the rifle." 
Marksmanship training on trainfire ranges consisted of firing . 
one of the two record courses used to qualify personnel during the 
basic rifle marksmanship course. Men used prezeroed rifles, checked 
the zero with three rounds, and then fired a total of 40 rounds at 
28 targets at ranges varying from 50 to 350 meters from both sup- 
ра ted and unsupported positions. When known distance (KD) ranges 
had to be used, men fired a record course using 50 rounds for 50 
targets at ranges varying from 100 yards (92 meters) to 300 yards 


( (276 meters). 
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| In early February 1966, Fort Gordon requested additional M16 
| rifles for the purpose of arming each trainee with a rifle during 
his nine week training program. 
USCONARC agreed to request enough rifles to equip each trainee 
in infantry AIT on condition that the rifles be provided only after 
! sufficient Ml6's had been provided to initiate POR training. The 
Deputy Commanding General (DCG), USCONARC, considered it essential 
| that КҮН airborne infantry replacements undergoing training at Fort 
" Polk be equipped with the М16 rifle throughout their entire AIT 
training cycle. Further, on 4 March 1966, a USCONARC staff paper 
stated: 

DCG desires that DA be notified of the training 
shortcomings which currently exist (at Gordon and Polk) 
because of the limited rifles availableto this command 
and requirement be placed on DA for the total quantities 
needed to adequately support above-mentioned training. 


On 7 March 1966, a USCONARC internal staff paper listed the 


shortcomings: 


Currently the 11B10, Light Weapons Infantryman, re- 
ceives 28 hours of instruction on the М16 (or 4 days) 
during а 9 week training program, MOS 11С10, Infantry 
Indirect Fire Crewman, and MOS 11H10, Infantry Direct 
Fire Crewman, receive only 4 hours of instruction on 
the M16. 


In effect, trainees in RVN oriented infantry AIT 
do not ‘live' with the M16 rifle during training be- 
cause there are not enough rifles available at Forts 
Gordon and Polk to equip individuals for the entire 
period of AIT training. 


ТЕ graduates of RVN oriented infantry AIT are to 


be equipped with the M16 rifle upon arrival in Vietnam, 
then ít becomes highly essential that the trainee be 
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issued the rifle for the entire nine-week course во 

that he will become completely familiar with it, 

gain confidence in it, and score better in qualifi- 

cation firing. 

Regardless of the number of M16 rifles made available, how- 

) ever, Fort Polk and Fort Gordon were required to keep and use the 
M14 rifle to conduct tactical exercises requiring the use of blank 
ammunition. This was still true in March 1968 because the blank 
firing adapter was not fielded during the two-year period. 


On 21 March 1966, USCONARC requested from DA 2,200 rifles for 


Fort Gordon and 2,230 rifles for Fort Polk and provided the follow- 
ing justification: 


During the entire nine-week course at either 
training center mentioned above, the soldier's train- 
ing is with the М14 rifle except for a brief period of 
4 or 28 hours (depending on MOS) devoted to familiari- 
zation or qualification firing with the M16 rifle. Тһе 

! negligible time spent with the M16 rifle by these RVN 
infantry replacements is an unfavorable training limita- 
tion which this command desires to overcome by furnishing 
each trainee with the M16 rifle for the entire nine-week 
training cycle. Daily training with the weapon he is | 
expected to fight with will develop a more efficient | } 
soldier, generate confidence and enable him to become : 

thoroughly familiar with his weapon. 


ج سج — 


The rifles were issued in June, but in the interim the Fort 
Polk requirement had doubled because of the expansion at AIT 
capacity at Fort Polk resulting from increased Vietnam require- 
ments. Thus the Fort Gordon letter request of early February 1966 


culminated in rifles being issued five months later. | 

On 10 February 1966, in response to a question asked by the 
Army Chief of Staff in preparation for the Army Posture-Authorization | 
and Appropriations Hearings, the Army Staff provided him the follow- к. 


ing information: 
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Question: What is the training program for train- 
ing personnel on the M16 rifle? Number of rounds fired 
per man in training? Ammunition limitations on the pro- 
gram? 


Answer: 1. A twenty-eight hour training program 
on the M16 rifle is provided airborne volunteer train- 
ees during Infantry Advanced Individual Training con- 
ducted at Fort Gordon, Georgia. The same M16 Rífle 
Training Program is tentatively scheduled to start at 
Fort Polk on 28 February 1966 for RVN Infantry Replace- 
ments, Effective 1 March 1966 all other Infantry Re- 
placements destined for units equipped with the M16 
rifle in Vietnam will receive 8 hours on M16 Rifle 
Training before being qualified for overseas shipment. 


2, Trainees who will receive training in AIT con- 
ducted at Fort Gordon and Fort Polk will fire 382 rounds 
with the M16. Other Infantry Replacements destined for 
units in Vietnam will fire 50 rounds with the M16, 


3. There have been по cutbacks in the M16 Rifle 
Training Program due to unition 1ітісасіопв „10, 
The M16 ammunition production during РУ 67 will be the 
limiting factor on the nypber of M16 rifles distributed 
to units, Ammunition trgining requirements for the 
training base will have tb be closely monitored for the 
first two quarters of FY 47 until maximum production 
rates are approached in 34 quarter FY 67. 


USCONARC informed DA оп 14 February 1966 of the total require- 
ment for rifles to execute the POR mission, DA provided all but 85 
of the rifles. 

During February, CONARC authorized Fort Leavenworth and Fort 
Sheridan to modify the required M6 rifle firing because of range 
limitations at those two installat¥ons. 

During 23, 24, and 25 Februar the CONUS army progress reports 


were received at USCONARC, Without exception, these reports stated 


10 ће "Program," except at Fort\Gordon, had not started, 
Ammunition was also to be a limiting actor on the training program 
developed for the M16 rifle. 


3-26 


FOR OFFICIAL USE OLY 


that instructions had been issued to subordinate units and that 
training would commence as soon as rifles or rifles and ammunition 
were received. 

In April 1966, USCONARC was experiencing problems in POR pro- 
cessing of individuals. This problem continued until, in late 1967, 
strict management controls were established at USCONARC, the over- 
seas replacement stations, and the installations, The following 
is an extract from the April 1966 monthly notes of the Comma nd ing 
General, USCONARC: 

The arrival of non-POR qualified personnel at Army 
personnel centers for shipment to oversea commands con- 

tinues to be a major problem area. 

Also included in the notes was a reminder about the M16 rifle POR 
training requirement. 

As of 30 June 1966, USCONARC had received the completion re- 
ports from all CONU$ armies that stated that they had initiated POR 
training. Thus, fr the time DA received the USARPAC training ге- 


quest on 31 Decembef 1965 until the time USCONARC received reports 


that training had been initiated throughout CONUS, exactly six 
months had elapsed.] Undoubtedly, some installations had started 
training before 30 June but how many and how long before is unknown, 

As Vietnam re(uirements for infantrymen rose, DA decided in 
August 1966 to coni rt the standard infantry AIT at Fort Jackson to 
Vietnam-oriented АТ, Fort Jackson was issued 540 rifles and train- 
ing was conducted fy using these rifles as a pool. 

Department of|the Army sent a message to CINCUSARPAC 12 Sept em- 


ber asking "whethej| or not there is a need to provide the present 
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М16 rifle program to other Vietnam individuals and that these be 
identified by MOS for enlisted personnel and branch and grade for 
officers," This message was sent because of an Operational Report- 
Lesson Learned (OR-LL) dated 5 May 1966 from the lst Cavalry Divi- 
sion which stated that during the period January - April 1966 in- 
dividual replacements had been arriving without training on the 
M16 rifle, A/ The DA message (1) explained which MOS were included 
in the recently directed POR training, (2) stated that rifles and 
ammunition had been allocated to support the training, and (3) de- 
clared "this training program began in March 1965," The DA message 
concluded: 

It should be recognized that all the scheduled pro- 
duction of M16 rifles and 5.56 millimeter ammunition is 
currently programmed for Vietnam and that an expansion 
of the present M16 rifle training program could be sup- 
ported only Бу diverting M16 rifles and required ammuni- 
tion from that currently programmed for Vietnam. 

The DA message was the first notification to USARPAC of the men 
identified by MOS who were being provided M16 rifle training in CONUS. 


The message did not explain the scope or duration of the training 


being provided. On 14 Séptember USARPAC forwarded the same informa- 


tion to USARV; on 18 September a similar message was relayed by 
USARV to the field force/headquarters and major units (divisions 
and brigades). А review|of the responses shows that (1) with one 
exception, units did not [desire expansion of M16 rifle training to 
men with other MOS (агаа officers through the grade of Captain) and 


11 The 1st Cavalry В 
because the POR program wi 
initiated by the USCONUS 
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vision report is readily understandable 
not reported as having been completely 
mies until 30 Jun 66. 


(2) in-country replacement training programs were believed to be 
an adequate solution to the problem of men arriving from non-CONUS 
areas without M16 rifle training.22/ 

During the period 7-10 October, the USARV staff developed the 
position that "expansion of the current CONUS replacement training 
on the M16 rifle is not warranted at this time." In doing so, the 
staff depended not only on the replies of units but also on past 
history. It screened all operational reports of lessons learned 

| and all after action reports on file from the 186 Cavalry Division, 
the 173d Airborne Brigade, and the lst Brigade, 1018: Airborne Divi- 
sion. The only derogatory remark that could be found came from a 
December 1965 after action report of the 173d Airborne Brigade: 
The M16 rifle performed well during the battle with 
relatively few stoppages experienced, The trouble that 
was experienced can be attributed to an accumulation of 
carbon in the chamber. This has resulted from a lack of 
} chamber brushes and ruptured cartridge extractors which 
are urgently needed for the М16 rifle. 
| Therefore, оп 10 October USARV sent USARPAC the following: 
Requirement does not exist for Ml6 rifle training in 
MOS other than stated in paragraph 3, referenced message, 
CONUS M16 rifle training program does not assure that in- 
dividual replacements arriving from areas outside CONUS 
has received this training. This problem is resolved by 


in-country replacement training programs conducted at 
division and separate brigade level.==' 


^ 12 Msg, Ist Inf. Div. to USARV, 1 Oct 66. 
Msg, 3d Bde, 25th Inf Div to USARV, 26 Sep 66. 
Msg, 4th Inf Div to USARV, 24 Sep 66. 
ям Msg, lst Bde, 10186 Abn Div to USARV, 23 Sep 66. 
| Msg, I Field Force to USARV, 1 Oct 66. 
Msg, 1734 Abn Bde to USARV, 13 Oct 66. 
DF, ACofS G3 to DCG USARV, 7 Oct. 66, sub: M16 Rifle Training. 


13 Msg, CG USARV to CINCUSARPAC, 10 Oct 66, Sub: М16 Rifle Training. 
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USARPAC informed DA and CONARC on 12 October 1966, USCONARC, 
in turn, dispatched the following message to the CONUS Armies оп 
17 October: 

This HQ has been informed by CINCUSARPAC that 

there is no requirement to provide М16 rifle training 

to personnel other than those previously designated. 

The actions described above occurred during the period 12 
September - 17 October 1966. During this same period, rifles in 
USARV suffered an increased number of malfunctions. The lst Bat- 
talion, 2d Infantry, 186 Infantry Division submitted an urgent 
equipment improvement recommendation (EIR) sometime between 8 and 
15 September, stating: 

Units of this battalion reported up to 100% stop- 

pages at one time or another during fire fights. Ап 

attempt was made to determine the reason for this high 

percentage of stoppages by test firing seven (7) ХМ-16Е18 

with a weapons specialist from 701st Maintenance Battalion. 

Cause for stoppage could not be determined, (See attached 
| letter.) 


The "attached letter" contained a description of the results 


of test firing seven rifles. On 15 September, USAWECOM wrote the 


had been changed from urgent to routine, that the condition cited 
| had been investigated previously, and that, аз a result, the chamber 
brush had been developed. USAWECOM also said that the battalion 
would receive another reply. On 24 September 1966, the battalion 


| 
battalion, acknowledged receipt of the EIR, stated that the EIR x 
commander replicd: x 


1. Reference your letter, subject as above, dated 
16 September 1966. The chamber brush will not solve the 
problem, 
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2. Malfunctions can of course be caused by a dirty 
chamber, but that is not the primary cause of the failure 
to extract. Т have personally examined weapons that mal- 
functiond and found them to be clean, Additionally this 
unit has fabricated chamber brushes using .45 caliber 
brushes, and has issued rubber finger cots to cover the 
muzzle and keep dirt out of the bore, All such improvi- 

‚ sations have proved ineffective. Note that in the tests 
conducted by this unit, a new ordnance-cleaned weapon also 
malfunctioned. 

USAWECOM on 3 October dispatched a maintenance specialist on duty 
in Vietnam to the battalion with instructions to determine the 
causes of the malfunctions and submit findings to USAWECOM. On 

4 and 6 October inspections were made in the lst Infantry Division 
by two maintenance specialists, The results were so alarming that 
they recommended that: 

• + » а complete in-country technical evaluation of 
the problem be conducted by U.S. Army Weapons Command 
and U.S. Army Materiel Command representatives. 

The USAWECOM maintenance specialists were also convinced by the 
results of their inspections that soldiers lacked training on care 
and cleaning procedures. So much 50 that they told the Project 
Manager, Rifles, that "nearly all malfunctions can be eliminated 
by a vigorous training program, in small arms operator maintenance 
and immediate action in cases of stoppage, being initiated USARV 
wide." The malfunction problem in the 1st Infantry Division and 
elsewhere in Vietnam culminated in a message from USARV asking 
technical assistance and stating in part: 

Stoppages and malfunctions are being experienced on 
the М16Е1 rifle by subordinate units in this command. 
Preliminary investigation by technical personnel from 
this headquarters, USAMC Consumer Assistance Office, and 
let Log Command indicated a training and maintenance 
problem exists, ` 
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This message was sent the day after the message which declared 
that "Requirement does not exist for М16 rifle training on MOS 
other than stated in paragraph 3, reference message" (DA stated 
MOS and infantry officers, )24/ A USAWECOM team was dispatched to 
Vietnam, conducted training in operation, organizational, and 
field maintenance, and verified the fact that soldiers lacked 
proper training on care and cleaning of the rifle. There were no 
training representatives from DA or USCONARC on the team. The 


team also disclosed a lack of command supervision in some units 


as evidenced by the shortages in cleaning materials, shortages in 
spare parts, and dirty rifles. It appears inconsistent that USARV 
stated on 10 October to USARPAC that there was no requirement to 
train personnel in CONUS other than those being trained at that 


time, and on the following day USARV requested USARPAC to provide 


LL ЭЭ —— 


technical assistance (from USAWECOM) to solve a major training 


problem. 


In October 1966 a second expansion of Vietnam-oriented AIT at 


| ! | Fort Polk was ordered. Polk requested only 267 rifles, although 
this expansion was the same increase in trainee load as that in 

| the first expansion, The training center however was по longer 
basing its request for rifles on issuance of one rifle to each 
trainee for use duriag the entire AIT cycle, but rather on equip- 
ping every trainee ЦЕН a rifle for only the first four weeks of 


AIT. These weeks of training included rifle marksmanship and gave 


Bo. the trainee four week} of familiarity with the M16 rifle. Tactical 


e 


Ё 
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training was conducted during the latter half of the nine-week 
cycle; the М14 rifle was used because of the requirement for blank 
ammunition, 

On 25 November, USCONARC dispatched the following message to 
Third and Fourth Armies with information to the three Vietnam- 
oriented infantry AIR training centers -- Fort Jackson, Fort Gordon, 
and Fort Polk: 

Each AIT-Inf (RVN) trainee will have the M16 rifle 

in his possession from entry into AIT training until com- 

pletion of the 9 week course. Where shortages exist to 

satisfy this requirgnent, Submit requisitions to cover 
shortages, 
Each RVN ee trainee will be thoroughly famil- 


iar with the орегасфоп and maintenance of the M16 rifle 
upon completion of 


A result of this directive was chat each trainee was required to 
have two rifles, the Ml4jand the M16. The M14 rifle was used for 
blank firing during riflg squad tactical training, individual com- 
bat actions, and patrol ng. As another result of the USCONARC de- 
cision, 4,160 rifles ме issued to Fort Polk and 2,392 rifles were 
issued to Fort Jackson dyring December and January; Fort Gordon had 
enough rifles. 

The training center accomplished complete conversion to all 
live firing with the M16 [ifle on 15 April 1967. The availability 
of a blank firing adapter and blank ammunition would have brought 


about this conversion much|sooner, since the training centers were 
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reluctant to provide trainees with two different rifles, which 
obliged them to shift constantly between issuing the М16 rifle for 
live fire and the М14 for exercises requiring blank fire. As of 
15 March 1968, the requirement for both rifles still exists, 
The DA staff submitted an operational report of lessons 
learnes in August 1966 which included the following statements: 
By message from USARPAC, DA was requested to insure 
that individual replacement assigned to Units in RVN 
armed with М-16 received adequate training prior to de- 
ployment. In order to meet the requested needs M-16 rifles 
rifles and ammunition had to be redistributed within 
CONUS training base, instructions had to be issued to 
the field how the program would be accomplished, and 
requisitions submitted. While all this was taking 


place RVN was receiving replacements who were not ready 
to become members of a squad or team in combat, 


Phase IV: December 1966 - February 1968. 


In December, 1966, a major change occurred in the training re- 
quirement. On 21 December, DA DCSLOG dispatched a message which 


stated: { 


In addition to units currently issued the rifle, 
5.56mm, ХМ10Е1 (airborne units, air mobile units, 
es and maneuver battalions in SEA) all 
Army units in SEA or scheduled for 45 
ployment tc SEA will be issued the ХМ16Е1 fle. / 


This meant that (311 soldiers en route to Vietnam in every military 
occupational spfcialty would require training with the M16 rifle if 


they were prese tiy armed with the M14 rifle. Heretofore, only 


15 (SEA (Sjutheast Asia) was later changed to USARV (0.5. Army, 


Vietnam)). 
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those soldiers holding any one of six MOS and infantry officers 
through the grade of major required the training, 

The message was distributed to ACSFOR but was neither coordin- 
ated with nor distributed to ОСЗРЕВ. It did not contain training 
guidance. There was no training plan at DA or USCONARC, nor is | 
there any evidence to indicate that training staff officers at DA 
or USCONARC were even aware of the plan to expand rifle authoriza- 
tions. 16/ 

USCONARC, realizing that it was already late, reacted imme- 
diately to the DA message. Оп 30 December 1966, USCONARC directed 
that M16 rifle training be expanded as follows: 

All replacements alerted for VN, normally equipped 
with the M14 rifle will be qualified on the М16Е1 rifle 
.... before they depart home station, This will also 
apply to all officer replacements through the grade of 
major . . . + Personnel assigned to units designated for 
КУН will be similarly qualified . . .. 

USCONARC also directed that the training be conducted as POR pro- 
cessing and asked its installations to specify increased require- 
ments for rifles and ammunition. Finally, USCONARC stated: 

• » currently scheduled departure of replace- 
ment (6) or units will not be delayed solely because 
М16Е1 training cannot be provided before shipment date. 


The expansion js a requirement for 1,739 rifles which were 


16 yt was | repetition of what had happened one year рге- i 
viously in vues 1965. 
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à requested by CONUS armies in February end which were issued in 

March, April, and May. | 

Also, during December, USCONARC was evaluating the adequacy of 

| all M16 rifle programs as requested by DA DCSPER оп 20 December who, 
| in turn, had been urged by the Vice Chief of Staff on 18 November 

as follows: 

I am convinced that our men going to battle in the 

i frontlines are not getting enough shooting in training 

with the M16 and that the Army staff is not fighting to 

get more. ) 

The Vice Chief of Staff had previously questioned the adequacy 
of M16 rifle training in the 9th Infantry Division while visiting 
that unit in September. Не had also questioned the quantities of 

! ammunition allocated the Army by the Joint Chiefs of Staff vis-a-vis 
: | those allocated the Air Force. | 
The DCSPER request to USCONARC had the objective of determin- 
ing the adequacy of the then current M16 rifle training programs 
in support of individual replacements and unit deployment to Vietnam. | 
Оп 26 January 1967. а DA representative visiting Fort Ord was 
told that trainees who graduated from advanced individual training 
were being assigned port calls which did not provide sufficient 
time for the 24 hours of Vietnam training (16 hours orientation 
plus 8 hours М16 rifle). Men assigned to units and installations 
did not have this disadvantage because the losing commanders pro- | 


vided an availability date to DA. 
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In the case of trainees assigned directly to Vietnam, however, 
the port call dates are established by DA using training graduation 
dates as a departure point and without consideration of the 24 hours 
required for Vietnam training. Fort Ord recommended that five days 
be allowed to accomplish the training. USCONARC was asked by DA on 
26 January if this problem had been identified at other training 
installations, and stated that it had already examined the problem 
and did not agree that additional time should be provided to ac- 
complish the Vietnam training for individual replacements for two 
reasons. Individual replacements in the training base assigned to 
Vietnam normally received their orders during the sixth or seventh 
week of AIT. USCONARC believed that the required training could be 
accomplished during the eighth week of AIT. In addition, the hous- 
ing situation precluded personnel being detained for an additional 
five days, For example, the weekly combat support training (CST) 
input at Fort Dix was 900 plus. Men assigned directly to Vietnam 
from AIT at Dix had reached a high of 400 in one week, Billet 
spaces were not available to accommodate these men for an additional 
five days. 

In February 1967, USCONARC submitted an operational report- 
lessons learned for the quarter ending 31 January 1967, which 


stated in part: 
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Expanded Use of M-16 Rifle in КҮН 
General Situation 


а. Earlier action (Jan 66) established a require- 
ment to train selected RVN replacements (Inf) on the 
M-16 rifle in view of decision to replace the М-14 
rifle with the M-16 in all maneuver infantry elements 
stationed in RVN. Training requirement was established 
by a CONARC message of 1 Feb 66, and training was im- 
plemented by Armies as quickly as M-16 weapons and 
5,56mm ammunition were provided. 


b. On 22 Dec 66, DA advised that effective with 
units deploying in Jan 67 and subsequent thereto, all 
personnel of such units having an M-14 rifle would re- 
ceive an M-16 weapon in lieu thereof. Further that 
MACV was taking action to replace the M-14 rifle vith 
the M-16 rifle in all units in RVN. Accordingly, all 
Armies were advised by CONARC to provide necessary M-16 
training for all personnel (up to grade of MAJ) alerted 
for RVN. | 

c, As a result of these actions: 


(1) Modified and emergency rifle marksmanship 
courses (and tables) must be resorted to because of 
two governing factors; ammunition availability and time 
available for training. 


(2) Requirement to train on two rifles (M14 and 
M16) increases training time and is of particular con- 
cern to training centers which have training programs 
already expanded by other critical training requirements. 


Lessons Learned 
а. Training centers and schools require timely 
notice of personnel scheduled for RVN (3 weeks minimum 
notice) to preclude holding personnel after completion 
of AIT or school course for necessary M-16 training. 


` b. Implementation of additional rifle training 
requires a minimum of three to four months to fully 
implement if rifles and ammunition are not on station 
and must be requisitioned. | 


Оп 4 February 1967, USCONARC responded to the DCSPER request 
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titled "Adequacy of M16 Firing." The following are pertinent ex- 


cerpts from this study: 


The existing M16 firing programs are based оп lim- 
ited resources of rifles and ammunition available at the 
time of implementation, 


The report of the USAIS representative on the 
USCONARC training and liaison team visit to Vietnam, con- 
cerning weapons training and proficiency concludes that, 
(paraphrased) "training on weapons proficiency, and fire 
control and discipline should be reviewed in light of 
specific areas stressed by infantry unit commanders con- 
tacted" and recommends "Implementation of additional in- 
struction on the М16 rifle to include care and cleaning 
for the infantry platoon leader." 


с. Current M16 rifle marksmanship training pro- 
grams have been tailored to each situation to keep 
within available time, ammunition and equipment limita- 
tions while satisfying the rifle marksmanship training | 


| 
for an evaluation of М16 rifle training by forwarding а study en- 


objectives to the extent possible. 


4. The report of the USAIS representative indi- 
cates that M16 training, as currently conducted, should 
be generally improved, with particular emphasis on care 
and cleaning, and fire control and discipline. 


е. The provisions of AR 622-5, "Qualification and 
Familiarization," prescribe a broad and comprehensive 
marksmanship training program for newly developed wea- 
pons, 36-hours of training and qualification firing on 
Standard Course (Trainfire) "Al" or Modified Course (KD) 
"Al" (paragraph 8 or 10, ASubjScd 23-71) and allow for 
very little compromise. This prescribed program should 
be followed, with exceptions granted only for very ex- 
tenuating circumstances, 


f. Current M16 programs , . . although adequate 


for the situation up to this time, can and should be im- 
proved, Current programs do not provide adequate training 
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on maintenance (care and cleaning), fire control and 418- 
cipline, and sufficient firing to attain the desired de- 
gree of proficiency with the M16 rifle. 


The study also cited shortcomings in over-emphasis on automatic 
fire, and inadequate training for 11С and 11H MOS in Vietnam- 
oriented infantry AIT and for individuals deploying as members of 
units, The study noted: 


' Prior qualífication firing with the М14 or other 
rifle serves as a good foundation for transition to M16 
rifle marksmanship training. However, this should not be 
construed to mean that it is an adequate substitute for 
additional training with the M16. Although the time 
elapsed since basic marksmanship qualification in many 
cases is very short, the differences in configuration, 
performance and capability between the M16 and M14 are 
Significant enough to warrant more than a nominal amount 
of retraining with the M16. А soldier needs to prove or 
confirm his ability with a new weapon. This proof or con- 
firmation should be over the entire gamut of application, 
from point blank range to maximum effective range, semi- 


automatic and automatic fire. Comprehensive training of | 
this nature is preferable to focusing on any one facet or 
capability. 


The study concluded that M16 rifle training programs should be 


expanded and that 
Prior qualification firing mitigates some of the require- | 
ments for basic rifle marksmanship training (75-hours) 
with the M16. The annual qualification courses (36-hours) | 
are adequate to conduct the transition training. 
The study recommended that the standard 36-hour marksmanship 

program as prescribed in the then current training literature be 


modified to integrate automatic firing and adopted as the standard 


course for M16 rifle marksmanship training for personnel being 
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deployed to Vietnam. (See Figure 3-1,) This recommendation in- 
cluded the statement: 

This recommendation is subject to availability of suffi- 

cient time, ammunition, facilities, and weapons to sup- 

port this training. 

A second recommendation was made to adopt a modification of the 
standard course, also prescribed in the then current training liter- 
ature, for marksmanship training "when limiting factors" so dic- 
tated, This course was 18 hours long. (See Figure 3-2.) 

The third and last recommendation suggested that 

Maintenance (care and cleaning) training, and fire con- 

trol and i Ете instruction be emphasized in all М16 

programs. I 

DA DCS PER, evaluated the USCONARC study, recommended approval, 
and forwarded it to ACSFOR, the DA agency responsible for Army 
marksmanship programs. ACSFOR reviewed the study and sent approval 
to USCONARC on 15 April. 

On 5 April, DA directed that all live firing in Vietnam- 
oriented infantry AIT be conducted with the M16 rifle.  USCONARC 
had been developing ranges and targets to accomplish this and the 
USCONARC order of the previous November to have one rifle for each 


trainee had resulted in provision of the necessary rifles. Actual 


conversion from M14 live firing to M16 live firing was accomplished 


17 де the time the study was made (January 1967), M16 rifle 
training programs were as shown in the resume in Figure 3-3. 
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Figure 3-1 —STANDARD COURSE Al 


(Extract From Paragraph 8, Army Subject Schedule 23-71) 


Rounds/ 

Period Hours Individual Range Subject 

1 1 - - Orientation 
| 2 1 - - Mechanical training 
3 5 36 25 meter Preparatory marksmanship 
4 4 48 25 meter Fundamentals of marksmanship 
5 7 36 25 meter 25 meter firing (battlesight 
zero) and target detection 

6 8 56 Field Field firing and target detection 
7 4 56 Record I Record firing 1 
8 4 40 Record 11 Record firing II 
9 m2 32 Nite Night firing 

Totals 36 304 


(Extract From Paragraph 10, Army Subject Schedule 23-71) 


x MODIFIED COURSE Al 
) 
| 
| 
! 


Rounds/ 
Period Hours Individual Range Subject 
1 1 - - Orientation 
2 1 - - Mechanical training 
3 5 66 25 meter Preparatory marksmanship 
4 3 12 25 meter Fundamentals of marksmanship 
and battlesight zero 
5 8 50 KD KD field firing and target 
| detection 
6 8 90 KD KD record I and instruction 
firing combat positions range 
7 8 40 Combat Record firing combat positions 
Position range 
8 225 Nite Night firing 
Totals 36 


Range Subject /Remarks 


25 meter Orientation--Integrate in period 
4 of courses above 

25 meter Familiarization firing--Integrate 
in period 4 of courses above 
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Figure 3-2 — STANDARD COURSE A2 


(Extract From Paragraph 9, Army Subject Schedule 23-71) 


| Rounds/ 
! Period Hours Individual Range Subject 
J la/ 4 42 25 meter Fundamentals of marksmanship, 
} positions and battlesight 
zero 
| 2 4 - Тр Target detection 
3 4 56 Field Field firing 
4 4 56 or 40 Record Record firing I or 11 
5 225 132 Nite Night firing 
Totals 18 186 or 1708/ 
MODIFIED COURSE A2 
! (Extract From Paragraph 11, Army Subject Schedule 23-71) 
Rounds/ 
Period Hours Individual Range Subject 
12 4 42 25 meter Fundamentals of marksmanship, | 
| | positions and battlesight 
: zero 
| 2 4 50 кр KD field firing (practice) | 
3 4 50 кр KD field firing (record) { 
4 4 - TD Target detection ! 
5 _32_ Nite Night firing 1 
Totais 18 174 


AUTOMATIC RIFLE FAMILIARIZATION FIRING 


(Extract From Section V, Appendix IV, С-1, FM 23-16) 


Rounds/ 
Period Individual Range Subject /Remarks 
1 - 25 meter Orientation--Integrated in period 
1 of courses above 
2 43 25 meter Familiarization firing--integrate 


in period 1 of courses above 


8/11 fference depends on whether record I or record II is used for 


qualification. 
b/tntegrate mechanical training to include maintenance training 
( ) (care and cleaning) and automatic rifle familiarization firing. 
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Figure 3-3 — CURRENT (JANUARY 1967) М16 FIRING PROGRAMS 


Program of Firing in RVN-Oriented AIT 


Light Weapons Infantryman 


Rounds/ 
Period Hours Individual Range 
1 6 54 25 meter 
2 3 68 25 meter 
3 3 100 25 meter 
4 2 12 25 meter 
5 6 74 25-500 meter 
| 6 .8. 78. 25-500 meter 
| Totals 28 382 


Rounds/ 
Period Hours Individual Range 
1 2 E = 
2 32. 38 25 meter 
| Totals 7% 38 


Remarks 

Zero semiauto, 6 positions 

Autofire, underarm, bipod supported 
prone, bipod supported foxhole 

Autofire, linear targets 

Sight changes, battlesight zero, 
adjusted aiming point 

Record practice, autofire, interim 
qualification transition course 

Record, interim qualification 
transition course 


Infantry Direct and Indirect fire Weapons Crewman 


Remarks 

Introduction, mechanical and 
maintenance training 

Familiarization firing 


| Program of Firing for All Other Individuals Replacements, 


Officers, and Enlisted 
Rounds/ 
Period Hours Individual Range Remarks 
1 4 Introduction, mechanical and 
| 2 _4 £43 or 45 Qualifi- maintenance training 3 rounds 
cation confirming zero, 40 rounds 
qualification on record 11 or 50 
я rounds qualification on KD range. 
ИС (Part of emergency proficiency 
ж. Тоса1в 8 43 ог 53 course.) 
£ Program of Firing for Unit Deployments 
= Rounds / 
esa Period Hours Individual Range Remarks 
1 4 | Introduction, mechanical and 
2 4 52 or 62 Qualifi- maintenance training 12 rounds 
А | cation zero on 25 meter range and 40 
( ) ( rounds qualification on record 11 
or 50 rounds qualification on KD 
range. (Part of emergency pro- 
Totals ficiency course.) 
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by 15 April 1967, This was а significant improvement in training 
because it increased the trainee's use of the weapon under live 
fire field conditions by 32 hours, Now that rifles and ammunition 
had been provided in sufficient quantities to accomplish this con- 
version, and to equip the trainee for the entire AIT training cycle, 
the only reason for retaining the M14 rifle was to accomplish blank 
firing during squad tactical exercises, The M16 rifle blank firing 
adapter and blank ammunition were still not available, 

On 15 April 1967, DA approved the USCONARC study recommenda- 
tions and stated: 

Restrictions on the use of 5.56mm ammunition for 

training have been lifted. However, it is recognized 

that range limitations prohibit complete and immediate 

implementation within CONUS of either the primary or 

alternate courses for М16 rifle marksmanship. Where 

these courses cannot be implemented, on-going M16 rifle 

training should be continued with the new courses to be 

phased in as rapidly as required ranges can be modified. 

3, (U) It is recognized that there may be circumstances 

where of necessity, exceptions will have to be made in 

qualifying personnel under the referenced marksmanship 

courses, Abbreviated courses should be developed to 

meet such contingencies. | 


4. (0) Changes to appropriate training literature ог 
new publications should be initiated. 


In March, the following statements appeared in the monthly 
notes of the Commanding General, USCONARC, to major commanders, 


training centers, and schools; 
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The increased distribution of the Ml6 rifle on a 
selective basis requires special attention and command 
emphasis. The requirement to develop proficiency with 
both the М14 and М16 rifles for certain personnel, the 
importance of practical mechanical training оп the М16, 
and the automatic fire capability will affect training 
plans. 


Message, ATUTR-TNG 73580, НО USCONARC 3019102 De- 
cember 1966, provided for the expansion of М16 rifle 
training to include personnel and units alerted to БУМ, 

An evaluation of current М16 rifle training pro- 
grams has been forwarded to Department of the Army. A 
copy of this evaluation, together with a request for 
analysis of capability to implement recommendations con- 
tained therein, will be dispatched to CONUS army сош- 
manders in the immediate future, 

All replacements and members of units going to 
RVN must receive the most effective Ml6 rifle train- 
ing which can be provided within available resources 
and time. 

On 13 March 1967, USCONARC sent a letter to the CONUS armies 
which enclosed the study forwarded to DA and requested the armies 
to analyze the recommendations made by USCONARC in the study. 
(For the complete letter, see Inclosure 1.) 

The next day, USCONARC directed USAIS to prepare three M16 
rifle training programs which would be based on three different 
conditions of available training time: 32-40 hours, 16-24 hours, 
and 8-16 hours. 

The CONUS armies' analyses of the USCONARC study arrived at 
USCONARC during late April and early May. All armies reported that 


they could execute the new programs only partially or not at all. 
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The major problem was nonavailability of training time for gradu- 
ates of training centers and service schools, 

The responses of all the armies were based on the USCONARC- 
stated assumption that sufficient rifles and ammunition would be 
available. АП armies except First Army stated that additional 
ranges would be required to conduct the recommended courses. 

Because of the army responses, USCONARC, on 14 July 1967, di- 
rected that the minimum traíning program would continue at eight 
hours for each man through the grade of major who was scheduled for 
deployment to Vietnam, either as an individual or as a member of a 


unit. 


The scope of the program was defined in the USCONARC direc- 


tivelB/ as: 


D. Minimum Training Program (8 hours). 
(1) Four hours - mechanical training - inte- 
grated conference and demonstration and practical exer- 
cise on nomenclature, disassembly, assembly, adjustment 
of sights, functioning, stoppages and immediate action, 
care and cleaning, lubricating repeat, care and clean- 
ing, lubricating, loading and unloading of the rifle . . . . 


(2) One and one-half hours -- battlesight 
zeroing; auto rifle FAM f ir ing 


(3) Two and one-half hours -- record firing 
e + . Trainfire record II range or two and one-half 
hours -- record firing . . . . KD field firing record 
range. 


18 Msg, CGUSCONARC to CONUS Armies, 14 Jul 67, sub: M16 POR/ 
РОМ Qualification Requirement for RVN. 


(1) 3-47 


The marksmanship part of the program was different from that 
established on 1 February 1966 in that it now required the man to 
zero his rifle and to fire it in the automatic role; the number of 
rounds fired increased to 108 or 118, depending on the range faci- 
lities available. The mechanical training was different only in 
that USCONARC had identified the proper training and equipment 
literature -- the most recent training aids available were to be 
used in the preparation and conduct of the instruction -- and had 
emphasized that care and cleaning were to be taught. 

USCONARC also declared that the 36-hour course was the pre- 
ferred training program and that the 18-hour course was the alter- 
nate preferred program, 

In May and June, USCONARC was confronted with still another 
problem. As a result of a study of combat operations in Vietnam, 
DA had decided to reinforce rifle strength in Vietnam, Packets of 
men were to be shipped to Fort Lewis, where they would be sent on 
to Vietnam. USCONARC was determined that these infantrymen would 
receive the 18-hour M16 rifle training program, plus mechanical 
training and firing of the rifle in the automatic role with the 
object of developing “individual proficiency and confidence by in- 
dividual care and cleaning and maximum handling of M16 rifle." 
Graduates of Vietnam-oríented infantry AIT were considered ade- 


quately trained. The immediate problem was to procure 200 rifles 
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so that Fort Lewis could conduct the training, USAWECOM informed 
USCONARC that rifles were not avaiiable in depot stock; DA, DCSLOG, 
informed USCONARC that weapons would not be available from produc- 
tion to satisfy the requirement. There were only 10 serviceable 
rifles in the maintenance floats of the two airborne divisions, 
and the Vietnam-oriented training centers could not furnish rifles.19/ 

Finally, USCONARC directed Third and Fourth Armies to ship 100 
rifles each to Fort Lewis; rifles were not to be taken from training 
centers or schools and ага to be returned to the armies after com- 
pletion of training of the packet personnel at Fort Lewis. Fort 
Lewis decided to provide 22 hours of rifle training to all men who 
had not undergone the basic qualification course for the rifle, and 
8 hours for all who had completed the training. The 8-hour course 
consisted of 4 houre of mechanical training and 4 hours of marks- 
manship. The 22-hour cou: sa was the USCONARC-developed 18-hour 
course, plus 4 additional hours of mechanical training. 

In May 1967, M16 rifle training was included in the Senior NCO 
Orientation-Refresher Course, which prepared NCO's who were assigned 
to sedentary stateside duties for service in Vietnam, Rifle train- 


ing in varying hours was also conducted in USAIS courses, including 


19 yet, as of 1 July 1967, Colt's Inc. had shipped 7,000 M16 
rifles to Singapore under export license number 36818, dated 15 Feb- 
ruary 1967. 
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the infantry OCS, basic course, advanced course, senior officer 
orientation course, and ranger course, although the dates training | 
was initiated аге not known. j 

In August 1967, a representative of DA visited Fort Lee to ob- 
serve armorer training. He discovered a 1960 Colt instructional 
pamphlet, 20/ which he found "is misleading and tends to mitigate 
against service training which яанаа cleaning and proper lubri- 
cation," He also observed the same problem that Fort Ord had ex- 
perienced; since there was no time provided for POR training, 
atudent armorers were taken out of MOS training to get the POR 
training. Thus, some student armor ers missed the M16 MOS training 
in order to get M16 POR training. As a result of this visit, DA 
and USCONARC took action to determine whether the problem of ab- 
senteeism existed at other training installations, Finding that it 
did, USCONARC on 27 November requested authorization from DA to re- 
tain men at training activities for a maximum of five days beyond 
graduation to complete POR training. | 

Оп 31 August, the training literature which USCONARC had re- 


quested USAIS to develop {п support of expanded rifle training was 
published, A/ The previous 36-hour course was changed to 40 hours, : 


20 por discussion of the Colt pamphlet, see Appendix 3, sectiog E. 


21 Army Subject Schedule 23-20 prescribed the master schedule of 
rifle programs and included lesson outlines. Training Circular 23-20 
supported the subject schedule by providing detailed information on 
courses of fire. 
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the 18-hour course to 24 hours, and an Emergency Froficiency Course 
(EPC) of 16 hours was developed. The EPC was designed "to provide. 


minimum marksmanship training in order to POR qualify selected ас- 


tive Army personnel, It should only be conducted when pressing 
movement schedules limit training time." 

) À resume of each of the three courses is shown in Pigures 3-4, 
3-5, and 3-6, The Ob course includes 120 minutes of supervised 

| maintenance оп the rifle, which is conducted as concurrent training. 
The same was true for the 24-hour course; іп the 16-hour course 
supervised maintenance time was reduced to 90 minutes. The train- 
ing literature also included an alternate course for each of the 
three courses for use at installations which possess only KD range 
facilities. The complimentary courses were 35 hours, 24 hours, and 


16 hours, and did not prescribe concurrent training on саге e « 


cleaning. 

On 17 October, USCONARC directed that all personnel throu. 
the grade of major scheduled for deployment to Vietnam, either as 
individuals or as members of units, would undergo as a minimum the 
16-hour emergency proficiency course ,22/ USCONARC reíterated that 
the preferred course was the 40-hour program with the 24-hour pro- 


gram the preferred alternate course. 


22 Except chaplains, female personnel, and conscientious ob- 
jectors. 
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Figure 3-4 — COMBAT READINESS MARKSMANSHIP РКОРТСТЕНСҮ, STANDARD COURSE Al 
(The 40-hour course)l ! 


Perio Hour Lesson 
1 1 Orientation: role of the rifleman, course 


to be fired to include preparatory instruc- 
tion, field firing, transition firing, and 
record firing. 


2 2 Mechanical training: integrated conferences, 
demonstration, and practical exercise in 418- 
assembly, assembly, nomenclature, stoppages 
and immediate action, lubricating, and care 
and cleaning of the rifle. 


3 4 Preparatory marksmanship and 25-meter firing: 
integrated conference, demonstration, and 
practical exercise to include aiming and steady 
hold, range procedures, safety precautions, 
positions, and battlesight zeroing. 


4 4 Target detection: integrated conference, dem- 
onstration, and practical exercise to include 
single stationary targets and single and multi- 
ple moving targets. Locating and marking а com- 
bination of sound and multiple moving targets. i 


Field firing: conference, demonstration, and 
practical exercise utilizing the principles 
adjusted aiming point and engaging multiple 
moving targets. à 


Record firing and target detection tests: in- 
tegrated conference and demonstration, range 
procedures, and safety on the range; practical 
exercise and examination in firing record I and 
record 11; conference and practical exercise in 
target detection tests one, two, and three. 


Fundamentals of automatic rifle marksmanship; 
integrated conference, demonstration, and prac- 
tical exercise on positions, automatic fire, 
magazine changing, and fire distribution. 
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Figure 3-4 cont'd 


Period | Hour Lesson 
8 | 6 Instructional firing. 
9 8 Qualification firing. 
Total 9 40 


| This course is designed for personnel with less than 
10 years of active service. 
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Figure 3-5 — COMBAT READINESS MARKSMANSHIP PROFICIENCY, STANDARD COURSE A2 
(The 24-hour course)l/ 


Period Hour Lesson 
1 1 Orientation and mechanical training: course 


to be fired, integrated conference, demon- 
stration, and practical exercise on disas- 
sembly, assembly, and care and cleaning. 


2 2 Preparatory marksmanship: integrated confer- 
ence, demonstration, and practical exercise 
to include integrated act of shooting, princi- 
ples of battlesight zeroing, range procedures, 
safety, and conduct of battlesight zeroing. 


3 3 Target detection: integrated conference, 
demonstration, and practical exercise to in- 
clude single stationary targets and single and 
multiple moving targets.  Locating and marking 
& combination of sound and multiple moving 

| targets. 

4 3 Field firing: conference, demonstration, and 
practical exercise utilizing the principles of 
adjusted aiming point and engaging multiple 
moving targets. 


5 4 Record firing: practical exercise firing 
record I or record II target detection test 
one. 

6 3 Fundamentals of automatic rifle marksmanship: 


integrated conference, demonstration, and prac- 
tical exercise on position, automatic fire, 
magazine changing, and fire distribution. 
7 8 Qualification firing. 
Total 7 24 


l/ This course is designed for personnel with 10 or more years 
of active service. 
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Figure 3-6 — EMERGENCY PROFICIENCY COURSE "ОМЕ" 
(The 16-hour course)l/ 


Period Hour Lesson 
1 2 Orientation and battlesight zero: integrated 


conference, demonstration, and practical ex- 
ercise in integrated act of shooting, princi- 
ples of battlesight zeroing, range procedures, 
safety and conduct of battlesight zeroing. 


2 3 Field firing and mechanical training. 

(14) Field firing: integrated conference, demon- 
Stration, and practical exercise utilizing 
the principles of the adjusted aiming point 
and engaging multiple targets. 

(15) Mechanical training: integrated conference, 

x demonstration, and practical exercise in dis- 


assembly, assembly, care and cleaning, and 
stoppages and immediate action. 


3 3 Record firing and target detection. 
(15) Record firing II: conduct record firing II - 


(14) Target detection: conduct target detection 
tests two and three. 


— 


4 2 Fundamentals of automatic rifle marksmanship: 
integrated conference, demonstration, and 
practical exercises on positions, automatic 
fire, magazine changing, and fire distribution. 


ааа. 


5 6 Qualification firing. 


Total 5 16 


l/ This course is designed to provide minimum marksmanship 
training in order to POR qualify selected active Army personnel. 
It should only be conducted when pressing movement schedules limit 
training time. 
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The 17 October directive meant that the minimum POR training 
time for Vietnam was now 32 hours instead of 24 hours -- 16 hours 
Vietnam orientation plus 16 hours M16 training. Training time was 
not provided, Because of complaints from subordinate headquarters 
that the training time was simply not available, USCONARC was 
forced to retract the direction that the 16-hour course would be 


the minimum, On 3 November, USCONARC dispatched a letter which 


said, in part: 


The training guidance . . . requires a minimum of 
16 hours of М16А1 rifle training with 40 hours as the 
desired objective. Action is continuing to provide the 
necessary time for this training together with other re- 
quired РОК/РОМ training. 


Pending resolution of the problem of time and ‹ ther 
limiting factbrs, it 18 necessary to aggressively pursue 
the attainmer|: of the М16А1 rifle POR/POM qualification 
requirements, еп a shortage of time cannot be wer- 
come, then a kompromise may be made by reducing the min- 
imum М16А1 РС) / Poi qualification requirement to 8 hours 


Тһе 8 hours rj ferred to was the minimum program prescribed іп 


July 1967, The pibblem of training time was explained by an in- 


ternal USCONARC в(аҒЕ paper on 19 October. 


1, Уіе ат POR qualification requirements have 
steadily incrjased to the point that current require- 
ments are now\32 hours consisting of 16 yours of spe- 
cial subjects prientation and 16 hours of М16А1 rifle 
training. 


roblem of insufficient time is particu- 
larly acute i] training centers and schools, Programs 
of Ins tructicſ do not provide time for POR qualifica- 
tion since vijtually all the allotted time is devoted 


2. The 


Be — whee Tet 


3. М16А1 rifle training was recently increased 
from a minimum of 8 hours to a minimum of 16 hours 
This change was the result of publication and distri- 
bution of TC 23-20 and ASubjScd 23-20 оп 31 August 
1967. The publication of the training circular and 
subject schedule was the result of a CONARC directed 
action to the USAIS to improve training literature and 
training on the M16Al based on lessons learned and ex- 
tensive debate on the М16А1 by news media. 


4. This problem must be resolved in a manner that 
will provide the number of hours of POR training re- 
quired to prepare an individual for duty in Vietnam. 
The problem is less acute in CONUS units and installa- 
tions subject to levy of individuals, and in RVN- 
oriented AIT. As stated above, the most critical area 
consists of MOS producing ATC's and service school stu- 
dents on orders to Vietnam , , . . 


The POR situation as explained above, combined with the prob- 
lem at Fort Lee of sacrificing MOS time for POR time, caused USCONARC 
on 27 November 1967 to request assistance from DA, The following 
are excerpts from the USCONARC letter: 

2. Headquarters USCONARC has conducted a ва:уеу to 
| determine whether absenteeism from instruction caused by 
POR training requirements was a common problem encoun- 
tered by service schools and training centers under the 
control of this headquarters. 

3. Based on analysis, it concluded that: 
a. POR training as presently conducted at many 


installations requires some training time to be diverted 
from the POI of the schools and training centers. 


4. The implementation of a system of centralized 
POR processing ас all CONUS installations has been 41- 
rected by USCONARC. Assuming that no POR processing has 
been accomplished prior to an individual reporting to a 
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POR processing center, the minimum time required to as- 
sure compliance with Department of the Army and USCONARC 
POR qualification requirements is 40 hours ог five 8- 
hour days. This includes travel time to other instal- 
lations to conduct М16 rifle firing, e.g., Fort Monmouth 
to Fort Dix, At training centers and schools where in- 
struction is conducted under a formal POI, this 40 hours 
cannot be absorbed without degrading MOS qualifying in- 
struction. 


5. It is, therefore, recommended that considera- 
tion be given to authorize the retention of personnel 
at training activities for a maximum period of five days ^ 
beyond graduation to complete POR training (and proces- 
sing when necessary) 


DA responded on 1 February 1968 as follows: 


This office has reviewed and coordinated your re- 
commendation with other interested elements of the Army 
staff, In view of the Army's efforts to reduce student/ 
trainee non-productive time, no additional training time 
is considered necessary for trainees assigned to Vietnam 
who have received RVN infantry training. Рок other in- 
dividuals assigned to Vietnam, three additional days may 
be added to the training course in order to provide the 
required RVN POR/POM training. For individuals assigned 
to other oversea areas, no additional time is authorized 
for POR training. POR processing will be accomplished 
during commander's and administrative time prior to com- 
, pletion of the training course, where possible , . . . 


On 8 February 1968, the Chief of Staff approved & DCSPER plan 
to "Conduct М14 training for all recruits (in BCT), and in addition, 
provide twelve hours of M16 instruction for recruits scheduled for 

combat arms AIT," and, when sufficient rifles and ammunition become 
available, "conduct M16 training for all recruits, and, in addition, 


provide 12 hours of M14 instruction for all recruits except those 


es scheduled for infantry AIT." 
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Also approved by the Chief of Staff is the conversion of the 
i remainder of the standard infantry AIT to Vietnam-oriented infantry 
% АТТ. 
h At the request of the Vice Chief of Staff, DCSPER developed a 
plan to require oversea commands to provide М16 rifle training for 
3 personnel assigned from their commands to Vietnam, However, по 


| direction has yet been issued. 


Discussion of training programs 


' There have been inadequacies in M16 rifle training programs 
since early 1965. М16 rifles were first issued in 1964 and training х 
responsibility was assigned to the units armed with the rifle. This 
system of training was effective only so long as units remained in 
the continental United States, or at least in a peacetime environ- 
ment in which a training mission could be pursued. However, in 
March 1965, with the commitment of American troops to combat in 
Vietnam, the units could no longer be expected to train their re- 
рїн officers, noncommissioned officers, and enlisted men. 
Nevertheless, from March 1965 until July 1966 — а period of 16 
months — there were no M16 rifle training programs except the fol- 
lowing: 

1. New soldiers who volunteered for airborne infantry train- 
ing went to Fort Gordon from basic combat training and received M16 


rifle training at Fort Gordon. 
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2. Beginning March 1966, new soldiers selected as infantry 
replacements for Vietnam received training at Fort Polk. 

3. Аспогегв and small arms repairmen were trained at Fort Lee 
and Aberdeen Proving Ground. 

4. Infantry officers and OCS candidates attending courses at 
the Infantry School at Fort Benning received M16 rifle training. 

5, Military assistance training advisers and special warfare 
personnel received training at Fort Bragg. 

The programs at Fort Gordon, Fort Lee, and Aberdeen Proving 
Ground were designed to qualify men in their MOS in the M16 rifle. 
The programs at Fort Benning and Fort Bragg were primarily for 
orientation and familiarization, 

During these 16 months, training in CONUS was not provided for 
any other replacements going to units in Vietnam. 

Although there were undoubtedly some installations in CONUS 
which executed the eight-hour POR program before 30 June 1966, the 
number of such installations and the number of men POR trained is 
unknown. It is known that all of the CONUS armies did not report 
having the necessary training resources until 30 June. 

The initial POR training program approved by DA in January 
1966 was a product of insufficient rifles and ammunition, priority 
for the M16's having been given to Vietnam, Rifle shortages, added 


to the fact that the training had to be performed as a part of POR 
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processing, dictated a short mechanical training and marksmanship 
program, which became the eight-hour program, The decision to ex- 
ecute the M16 training as a part of POR processing was governed by 
the fact that the soldiers who required the training could and did 
come from anywhere and everywhere throughout the continental United 
States. The only possible way to train them all was to funnel them 
through a facility that was universally required throughout the Army. 
The choices were three — (1) at the losing unit ог installation, 
(2) at the oversea replacement station, or (3) at the gaining unit 
or installation. The first was chosen because the oversea replace- 
ment stations did not have training facilities and the gaining 
units were in Vietnam and therefore should not be responsible for 
the initial training of replacements which could be performed in 
CONUS. Too, the problem did not appear overly complex since only 
six closely related MOS and infantry officers were to be trained. 
Two shortcomings appeared in the first eight-hour program: the men 
were not required to zero their rifles and they were not required 
to practice automatic fire. These were corrected in July 1967. 
Also, the training provided to the 11С and 11H personnel was ini- 
tially four hours ín Vietnam-oriented infantry AIT while 11С and 
11H personnel in deploying units and on individual levies received 
eight hours, It 10 difficult to judge this situation as one of dif- 


} 
fering levels of training for the : ame people however, because the 


3-61 


FOR OFFICIAL USE ONLY 


Сун 


amount of informal training which the 11С and 11H received in AIT 
is uuknown, Nonetheless, the level of training in AIT was raised 
to eight hours for the 11С and 11H in July 1967. 

It is necessary to recognize that there is an appreciable 
lapse of time between the day on which DA "prescribes" training and 
the day when that training begins on the ground. From the evidence 
available, five months elapsed from order time to execution time in 


the case of the first eight-hour M16 rifle training program. 


The analysis of training over the past two years also reveals 
the fact that the responsibility for POR training is not defíned at 
DA or USCONARC. DCSPER has Army Staff responsibility for the train- 
ing of the individual soldier in the training base. However, ACSFOR 


established the initial M16 rifle training program in January 1966 


and still retains DA responsibility for rifle marksmanship programs, 


training literature, traíning devices, training ammunition, and, 


until quite recently, training films. ТЕ DCSPER is to be assigned 

responsibility for POR training, then the DCSPER training mission | 
will require the mn itoring of the POR training provided to indivi- | 
duals by units, including DCSPER visits to units to check the quality | 


and completeness ой POR training. These visits could create situ- 


| 
E cre is checking a unit for unit training and | 
DCSPER is checking the same unit for POR training. ACSFOR, of | 

| 

| 


course, has responsibility for POM training. А better solution 


3-62 


OFFICIAL USE a 


* — D 


would be to use the method employed by USCONARC, although it is ап 
vawritten rule not entirely understood by all the staff. POR and 


POM would be the responsibility of the staff agency monitoring unit 


training — in this case ACSFOR. DCSPER-Directorate of Individual 

Training (Deputy Chief of Staff for Individual Training ас CONARC) 

would be responsible for the execution (quality and completeness) 

of POR training at schools and Army training centers, Such an ar- 

1 rangement would insure adequate management of this type of training. 

A review of reports of inspections of or visits to 31 major 

installations during 1966 and 1967 reveals that POR training and 

POM training varied in adequacy. Some units gave a minimum of 


training; others offered as high as 36 hours of formal training; 


some units even conducted tactical training with the rifle. Part 


of thie variation in training is attributed to the expanding train- 


ing programs during the two years and the increased ammunition 


| 
| availability beginning December 1966, Part is also due to availa- | 
| bility of time and range facilities. The reports also reveal defi- | 
| nite failings. A few installations had no training program at all. 
At times there were not enough technical and field manuals on 

hand; some instructors were themselves poorly informed. Trainees 


did not know how to clean the rifle properly, or how to assemble it. 


There were examples of men being shipped to Vietnam without M16 


training because port call dates had to be met. Some installations 
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as late ав December 1967 were still conducting only the eight-hour 

program, Thece were also reports of men being well trained and ex- 

hibiting confidence in the rifle; some M16 rifle instruction was 

cited as being outstanding. 

Providing training by the POR system has not proved satisfac- 

tory. POR training is designed as a brief refresher in a few man- 
| datory subjects and as an orientation to an oversea station. Since 
1965, however, it hes been treated as an established training cupa- 
bility. Some of the problems which have been a part of POR train- 
ing are: 

1. A great decentralization of training is required, Uni- 
formity of instruction, adequate range facilities, complete and 
timely training direction and regulation are difficult to achieve. 
| Whereas in centralized-training at Vietnam-oriented AIT, for ех- 

ample, these factors are more easily dealt with, 
| 2. Time was not allotted for POR training although it has 


January 1966. | 


3, It is diffipult to manage effectively at one installation 


| 
| taken а minimum of 24 hours since M16 rifle training was added in 


the training of individuals coming from several different units in 
varying numbers, and on no fixed schedule. | 
4. Motivation of trainer and trainee must be constantly em- 


phasized because the junit finds it difficult to become overly 


3-64 


OFFICIAL USE ONLY 


concerned about а man who is soon departing, and who, in all proba- 
bility, is with men from many other units who are heing rushed 
through a training program administered by a committee that does 
not have a vested interest in the men, Officers and NCO's of а unit 
usually take ап interest in the men in their own units, 
5. Men escape POR training and thus escape M16 rifle training. 
Of 1,817 soldiers questioned on the recent DA survey in Vietnam, 
410, or 23 percent, declaredthat they had not received any formal 
M16 training before they left the continental United States, This 
failure is attríbuted to administrative loopholes and to the fact 
that the Army will not delay port calls to give POR training. The 
problem became so acute that USCONARC, in November and December 
1967, began to establish centralized points at each installation 
for processing oversea replacements, The POR points at Fort Benning 
and Fort Gordon were observed in early December 1967 to be doing an 
excellent job. It is also significant that only 4 percent of the | 
men that went to Vietnam in December and January told the DA M16 | 
Rifle Review Panel that they had not received M16 rifle training in | 
CONUS, whereas the percentages for months prior to December were | 
much higher. 
Oversea commands were queried to determine whether the POR type 
of M16 programs are conduc ted for men transferring to Vietnam from 


these commands, All commands stated there were no such programs 
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except for USARSO, which has a voluntary program. 

Present M16 rifle training programs consist of the Vietnam- 
oriented infantry AIT program and the POR and POM programs. The 
minimum POR-POM program is set at 16 hours, although installations 
may waive this course for the 8-hour program if time does not per- 
mit the longer training course. The 24- and 40-hour programs will 
not be used by most installations simply because the time is not 
available, This is especially true at schools and Army training 
centers. During predeployment unit training, however, units should 
be able to make use of the 40- or 24-hour programs since they nor- 
mally have blocks of unit training time which allow scheduling 
flexibility. POM training is not necessarily restricted as is POR 
training, simply because a unit usually gets a great deal more ad- 
vance notice of deployment than does an individual, Two additional 
purposes of the 40- and 24-hour programs are to provide an annual 
rifle qualification program for personnel with less than 10 years 


of service or more than 10 years of service, respectively. 


Although POR training has been expanded and the loopholes are 
closed, it will never suffice to meet the objective of providing 
soldiers who are well trained in all aspects of mechanical and 
marksmanship knowledge, and who will go to Vietnam confident in 
their ability to handle their rifles under all conditions. POR 


training is long enough to teach the soldier what he needs to know 
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once, and to let him practice it once or twice. It is not long 
enough for him to become thoroughly knowledgeable and confident in 
his ability to fight with the rifle. That is to say, POR training 
is not long enough for him to become knowledgeable and practiced 10 
its use — trained. 

The Chief of Staff, Army, has already approved all measures to 
initiate M16 training in all infantry advanced individual training 
and in basic combat traíning. However, until enough rifles are 
available to put these measures into effect, the Army will continue 
to send soldiers, except the new soldiers who become infantrymen, 
to Vietnam with 8 to 16 hours of POR training. Future unit deploy- 
ments should not be made until the unit has had a minimum of 16 
hours of training. The availability of the blank firing adapter 
will increase the amount of time the soldier has his hands on the 
rifle and will also vastly increase his training time in Vietnam- 
oriented AIT and in unit training. In addition, CONARC has directed 
expansion of existing М16 rifle training to include initiation of 
new programs for offícer and NCO supervisory personnel, trainees, 
students, and cadre, at schools and training centers, 

Armorer and Small Arms Repairman Training | 

M16 rifle training was incorporated into armorer training at 

the Quartermaster School, Fort Lee, Virginia, in August 1964. Аг- 


morer training was a part of the General Supply Specialist Course, 
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then MOS 768.2. Training was conducted using the М16 Air Force 
model rifles. Іп October 1967, these rifles were exchanged for the 
М16А1 Army model rifle. 

The General Supply Specialist, now MOS 76Y, is required to be 
a supply clerk and an armor er. The entry prerequisite for the 
course is aptitude GL 90, clerk. Aptitude GM 90 (general mainte- 
nance) is not a requirement, although DCSPER is studying a sugges- 
tion by the Assistant Secretary of the Army (I&L) to make it a re- 
quirement. 

In August 1957, a Department of the Army representative 
visited Fort Lee and noted that only six hours were being devoted 
to M16 rifle training in the MOS 76Ү course, insufficient time to 
include malfunction training. Subsequently, the training was in- 
creased to 10 hours. The objective and scope of the present in- 
struction, effective 6 November 1967, were: 


Ob jective 


As а result of this instruction, the student will 
be able to do the following: given a weapon and punch, 
perform, without any help, general and detailed disas- 
sembly and assembly within a time limit of 20 minutes; 
given five malfunction situations, list corrective ac- 
tion required in not less than four of the situations 
within a time limit of 10 minutes; identify, within a 
10 minute period, four out of five parts picked at ran- 
dom by the instructor. All actions and responses will 
be in accordance with standards established in TM 9-1005- 
249-14 and FM 23-9, Students will clean and lubricate 
weapon with the materials provided. 
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Scope 


i General disassembly and assembly; detailed 418а8- 
р sembly and assembly; functioning; detection and correc- 
tion of common malfunctions; parts identification; or- 
ganizational maintenance and inspection of the 5.56 ММ 
Rifle, М16А1, 


a 


The DA representative also noted: 


The classes Т observed were well organized, pro- 
perly supervised, and the instruction being presented 
was of a high order, The student workbooks, texts, and 
instructional handbooks meet the highest standards, 


— — ͥ —— 


An Office of the Secretary of Defense field survey in Vietnam in 
| September 1967 stated: 
The training of maintenance personnel to include 
unit armorers (Army and Marine) was adequate predicated 
on increased proficiency in job performance acquired by 
оп the job training (ОЛ) after arrival in Vietnam. 
However, the report of the DA field survey in Vietnam noted: 
It would appear, based on our limited sample, that 
a high percentage of the unit armorers lack formal train- 
ing and adequate knowledge on M16 riile maintenance. For | 
example, none of the armorers we talked with knew that d 
they should periodically lubricate detent springs. We { 
observed frozen detent springs, 
Periodic lubrication of the detent springs is now being taught 
in the MOS 76Y course. 
At least some of the poorly trained armorers found by the Army 
field survey team were armorers not trained in any school, These 
men had been assigned to the armorers' job for lack of а school- 


trained MOG-qualified men to put in the job. They were without the 
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MOS and without the 76Ү course training. USARV was considering the 
adoption of one of two proposed means of training these armorers — 
а mobile training team of USAWECOM maintenance specialists or in- 
dividual training by divisions, 

At present, the armorer is still not authorized to disassemble 
the lower receiver group of the М16, If he were, it would prevent 
evacuation of some malfunctioning weapons to the division, However, 
USAWECOM should provide a recommendation to DA DCSLOG on this matter | 
and this is recommended in part С of this appendix. 

The Department of the Army staff provided to the Vice Chief of 
Staff, at his request, a staff paper in February 1968 which stated 
that it is not necessary to provide a man to do only the armorer's 
job. The paper also stated that the man currently performing the 
armorer function should be located with the company headquarters 
section during a tactical situation. 

M16 rifle training was incorporated into small arms repairman 
training at the Ordnance Center and School in June 1964. The orig- 
inal block of instruction called for 12 hours of training. Minor 
revisions were made in January 1966 and, as a result of Vietnam 
feedback, instruction was increased by 2 hours in March 1967, with 
the following objectives and scope: 


Objectives 
The student should. learn in M16 training: 
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1. Characteristics and nomenclature. 


2. Both general and detailed disassembly and ав- 
sembly of the rifle. 


3. Operation and the cycle of functioning. 
4. Causes and corrections of malfunctions, 


5. Field maintenance procedures to include care 
and use of common and special tools. 


6. Purpose and use of publications during inspec- 
tion and maintenance of the rifle to include service- 
ability charts. 


8соре 


Training covers: 
1. Disassembly and assembly 
2. Functioning 
| 3. Malfunctions 
| 4. Inspection and Maintenance 


5. Performance Test 
6. Written examination 


In December 1967 and January 1968 a major course revision took 
place; it was based on task and skill analysis and further Vietnam 


feedback, The block of M16 instruction was increased by four hours 


and was taught, beginning in early March 1968, as follows: 


he 
| 
| 


Subject Hours Changes 

Disassembly and Assembly 4PE Barrel removal (+1 hour) 

Functioníng 3PE Increase safety and detail 
functioning (*1 hour) 

Malfunctions ЗРЕ Increase troubleshooting with 
faulty components (+1 hour) 

Inspection and maintenance 4PE Increase use of tools, gages 
and maintenance forms (+1 hour) 

Performance Test 3& 

Written Examination ig 

Total 14РЕ 4Е = 18 Hours 
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Representatives of the Ordnance School and the Quartermaster 
School received the new equipment training in April 1964 that was 
given by the Air Force at the Lackland Military Training School, 

The OSD field survey team reported maintenance personnel ade- 
quately trained in the M16; the DA field survey team reached the 
same conclusion. Department of the Army, however, did not base its 
finding on testing or exhaustive questioning, but on the technical 
questions asked the repairmen concerning the rifle and on informa- 
tion volunteered by maintenance supervisors. 

Training in Units 

The purpose of this section is to provide a history of train- 
ing conducted by units which were issued the M16 rifle in Vietnam 
and of training conducted by units which were issued the rifle prior 
to deployment .23/ The first three units, the 173d Airborne Brigade, 
lst Brigade, 1018: Airborne Division, and the lst Cavalry Division, 
were issued the rifle under the initial 85,000-rifle plan. The 
1734 Airborne Brigade received new equipment training in Okinawa 
from USAWECOM in December 1964 and, in addition, completed at least 
an eight-hour mechanical training and marksmanship program. The 
173d Airborne was the only unit which received new equipment train- 
ing on the M16 rifle. This unit was equipped with the rifle three 


months before it arrived ín Vietnam, 


23 The date of issue 2f rifles and the date of arrival of units 
in Vietnam are shown in Figure 3-7. 
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Figure 3-7 — UNIT DEPLOYMENT DATES VS M16 RIFLE ISSUE DATES 


Unit 
173d Airborne Brigade 


let Brigade, 1018. 
Airborne Division 


Ist Cavalry Division 
lst Infantry Division 


25th Infantry Division 


4th Infantry Division 


196th Infantry Brigade 


llth Armored Cavalry 
Regiment 


199th Infantry Brigade 


9th Infantry Division 


198th Infantry Brigade 
llth Infantry Brigade 
10186 Airborne Division 


3d Brigade/82d Airborne 
Division 


Issue Date 
of Rifles 


December 1964 


August 1964 


July-August 1965 
January-March 1966 


January-March 1966 
May-June 1966 


July 1966 
May-June-July 1966 


September 1966 


July-August 1966 


May -September 19671/ 
November 1967 
August-December 1964 


November 1964- 
January 1965 


1 Additional issue due to МТОЕ changes 
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Close Date 
in Vietnam 


March 1965 


July 1965 


September 1965 
October 1965 


January-April- 
October 1966 


January- August - 
October 1966 


August 1966 


September 1966 


December 1966 


December 1966- 
January 1967 


October 1967 
December 1967 
December 1967 


February 1968 


The lst Brigade, 10186 Airborne Division, conducted a 36-hour 
program of marksmanship and mechanical training. The unit was 
equipped with the M16 rifle 11 months before it arrived in Vietnam, 
Both the 173d Airborne Brigade and the lst Brigade, 10186 Airborne 
Division were reported as having "satisfactory to good" maintenance 
by the USAWECOM maintenance team, which was in Vietnam during Octo- 
ber-November 1966. 

The lst Cavalry Division conducted at least 8 hours of mechan- 
ical training and marksmanship practice. А battalion commander 
described the training given to the division,24/ 

° » • we had a rather extensive step-by-step training pro- 

gram in the firing, care, maintenance, assembly, disas- 

sembly, of the M-16 rifle, which all troops were equipped 
! with, This included range firing ооо ANd „ ç o 
firing from the fantail of a ship enroute to Vietnam, 


| | | We found the weapon very easy to train troops in main- 
tenance of it and its firing. 


The battalion -ommander also stated that M16 rifle training was 
part of a "real hasty training period." Іп Vietnam, the division 
conducted one additional hour of care and cleaning instruction and 
three additional hours of zeroing exercises and familiarization 
firing. The division was equipped with the rifle two months before 
arrival in Vietnam, Third Army representatives inspected on 26 July 
1965 and subsequently recommended that spare parts be procured for 


the division. 


24 Hearings before the Special Subcommittee on the M16 Rifle 
Program, pp. 4442, 4450. 
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The lst Infantry Division arrived in Vietnam with the M14 
rifle, From interviews conducted with battalion commanders, it is 
concluded that little M16 rifle training was conducted in CONUS, A 
few rifles were borrowed and some quick orientation and range train- 
ing was conducted for key personnel, Apparently, mechanical train- 
ing was not included. In January-February 1966, the Division's 
maneuver battal:ons were issued the M16 rifle. Оп 11 December 1965, 


MACV had directed USARV to start training as soon as possible for 


units scheduled to receive the M16 rifle, USARV prepared a message 1 
for the lst Division, requesting information om the feasibility of 
training the lst Division with rifles borrowed (rom the 173d Air- | 
| borne Brigade. The message was never sent; it was returned to the i 
| originator оп 3 January 1966.25/ On 23 December а message was re- 5 
ceived by USARV indicating that the first shipment of М161!8 from | 
CONUS would be arriving for issue to the lst Division the first i 
week of January, On 22 or 23 January, a representative from USARV 
G3 discussed the training problem with the Assistant G3, lst Infantry 
Division, who indicated that it was not feasible for the lst Division 
to use rifles from the 173d Brigade. The alternate solution for 
prcviding training rifles was to turn in weapons already іп the hands 
of the 12th Aviation Group, 2d Signal Group, and other support units, 
While ihis possibility was being discussed, USARV received another 


message announcing the imminent arrival of the first group of M16 


25 For reasons unknown to the Review Panel. 
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rifles and all alternative solutions were therefore dropped. The 
lst Infantry Division preferred to wait for training until the 
M16's arrived and then plan its training program. 

Again, from interviews, it is concluded that there were no 
division or brigade directives or plans for M16 rifle training 
within the lst Infantry Division. Interviews with four officers 
who were battalion commanders revealed that the training was up to 
the battalion commander; each commander said he had a program — 
each being different from the others. From these interviews and 
the USAWECOM inspection in October 1966, it із 6180 concluded that 
the division was without the technical manual sn“ remained without 
it until October when 500 copies of this manuel were sent to the 
7018: Maintenance Battalion at the request of that unit. 

Par: of the 25th Infantry Division was issued the М16 rifle 
in Hawaii, and part received it in Vietnam. Тһе lst Brigade con- 
ducted one week of training devoted to individual and crew-served 
weapons. The infantry battalions trained with the M16 rifle during 
this period, although the exact number of hours is unknown. А 
report submitted by the brigade indicated that a predeployment 
training program had been conducted, and that POM training was 
scheduled to include makeup training and training in subjects 


where additional emphasis was felt necessary. 
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The 24 Brigade deployed to Vietnam in December 1965 with М14 
rifles; М16 rifles were issued in January 1966. With the exception 
of the lst Battalion, 35th Infantry which received the rifles while 
on an operation, the brigade got its rifles in base camp. The 2d 
Brigade had participated in the SAWS test in July, August, and 
September 1965, and consequently had a number of NCO's who were 
thoroughly familiar with the M16. The brigade formed battalion 
committees with these NCO's and conducted training programs in 
base camp. 

The decision to issue M16 rifles to the 4th Infantry Division 
was made іп Мау 1966 by DA at the request of COMUSMACV. COMUSMACV 
(also in May) requested issue of rifles in CONUS to the llth Armored 
Cavalry Reyiment, the 199th Infantry Brigade, and the 9th Infantry 
Division. Prior to this time, the plan was to borrow rifles for 
the 4th Division to conduct M16 rifle training. Rifles were issued 
to the 4tn Division іп May and June. The division completed the 
eight hours of POM training, which had been established as a re- 
quirement by "USCONARC on 1 February. A training staff visit was 
made to the 4th Division by ACSFOR and 6th Army representatives 
27-29 Aprfl 1966. The report of the visit contained no mention of 
М1б rifle treinirg. 


A ‘serious constraint to all unit training conducted during 
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15 5 vas the critical supply status of 3. 56mm ammunition. This 
„ lun prevented issuance of rifles to units during unit train- 
ing. Enough ammunition wes set aside for men with infantry MOS to 
Zzomplete the eight-hour course. The units were also prevented from 
using Ml6 rifles for blank firing exercises during unit training be- 
cause the blank firing adapter and blank ammunition were not avail- 
able. 
' The 196th Inf che, nrigade, initially scheduled for deployment 
to the Dominican Republic, was deployed to Vietnam in July 1966, 
arriving in August. The request to arm the 196th with M16's had 
arrived at DA on 27 June. The 196th was issued rifles 10 days be- 
fore it departed. The brigade did some abbreviated traíning at Fort 
Devens and aboard ship. Some men received no М16 rifle training, 
| the remainder received & small amount of hastily conducted mechan- 
ical training and range firing. Firing was also conducted off the 
fantail of the ship at floating garbage. 
The 11th Armored Cavalry Regiment and the 199th Brigade car- 
tied out the eight-hour POM training program as did the 4th Divi- 
sion. Training staff visits were made to these units on 19 May 
(11th Armored Cavalry Regiment) and on 17-18 July (199th Brigade) 


by representatives of ACSFOR and First Army (llth Armored Cavalry 


3 


Regiment) and by DCSOPS (199th Brigade). The visit reports 
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contained no mention of М16 rifle training. The 9th Infantry 
Division was issued rifles in July 1966 and conducted the eight- 
hour POM requirement. 

On 23 June 1966, Fort Riley requested 925,000 rounds of am- 
munition to qualify all divisional (9th Infantry Division) and 
nondivisional personnel, rather than just riflemen, with the M16 
rifle in the eight-hour POR-POM program, Fifth Army recommended 
approval and forwarded to USCONARC. In an attempt to hold ammuni- 
tion expenditures to the minimum, USCONARC requested additional in- 
formation which Fifth Army relayed, along with a request for justi- 
fication. Fort Riley did not respond and the matter was dropped. 
After visiting the 9th Division in early September, the Vice Chief 
of Staff presented a problem to the DA staff: 

My understanding at the 9th Division was that 50 
rounds are authorized per soldier for familiarization 
with the ХМ-16Е1 rifle. One commander said he was able 
to allocate 82 rounds per man. The course fired is a 
modified train fire course. This allocation of ammuni- 
tion and this familiarization course do not appear to 
adequately prepare men to be good shooters. In the 
various live fire small unit exercises the M-14 is used 
because ammunition is available , . . . Department of 
the Army should be able to do better than thís, The 
soldiers are fond of the M-16 , . . and have great con- 
fidence ín (it). Submit a report of corrective action 
taken. 


The DA staff replied: 
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Prescribed training allowances for the above weapons 
are as follows: 


Operation 


Qualification Familiarization Readiness 
М1 


5.56 Cartridge В 
Ball 557 30 300 


о 


F.-periences with these allowances indicate that they are 
adequate in promoting weapons proficiency and in main- 
taining unit operational readiness. 


Criti^aiicy of the 5.56mm ammunition has necessitated 

| thai ailccations to the CONUS training base be dras- 
tically curtailed. In the case of units which have 
been trained with M14 weapons, such as the 9th Infantry, 

à and currently being equipped with M16 weapons, a famil- 
iarization firing with this weapon was substituted to 
offset the ammunition shortages. A 50 round ammunition 
authorization has been established for this purpose. . i 
Three hundred and eighty two rounds are allocated in 
case of other individuals taking initial rifle training. 
The reference 82 rounds being expended by the 9th In- 
fantry is based upon the maximum quantity distributed 
by USCONARC from available allocated assets and an in- 
crease over the amount authorized for familiarization. 


= c a 1 s s 


[ 


The Vice Clef of Staff pursued the subject of 5.56mm alloca- 
tion with DCSLOG, and M16 rifle firing with DCSPER. This course 
ultimately led to the evaluation of all M16 rifle training pro- 
grams by USCONARC, DCSPER, and ACSFOR from January to March 1967. 

In November 1966, the Army Staff found it necessary to completely 
equip the 9th Division with M16 rifles in order to secure M14 rifles 
which, in turn, would prevent issuance of Ml rifles to active Army 


forces. The order was issued to USAMC on 16 November to ship 9,029 
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M16 rifles to the 9th Division. On 23 November, USARV sent а message 


to DA: 


1. This headquarters appreciates the expediting of 
ХМ16Е1 rifles to the 9th Inf Div. . . . 


2. It is urgently requested that all future issue of 
XM16Pl's to units scheduled for deployment to КУМ be accom- 
plished in sufficient time to permit training in the weapon 
prior to deployment. 


DA replied in part: 
(2) Individual replacements in MOS 11B, 11C, 11D, 
11F, 11G, 11H and Infantry Branch Officers through the 


grade of major receive 4 hours of mechanical training and 
| 4 hours of familiarization firing expending 50 rounds. 


b. In units, personnel normally armed with the M14 
| š у in infantry and mechanized brigades of the 4th and 9th 
Div, in the 196th and 199th Inf Bde and the 11th Ar Cav 
Regt received as a minimum the training outlined in para 
la (2) above. 


2. In spite of the short time between the issue of M16 
I rifle to 9th Div base units, directed by reference d, 
; and the deployment of the lst increment, those elements 
| of the division received the requested training prior 
to deployment, as will units in the remaining increments. 
3. The policy of providing the requested training to 
units equipped with the M16 rifle prior to deployment 
will be continued. 
In January 1968, the 198th Brigade reported to USARV that its Ml 
rifle predeployment training consisted of "86 hours of instruction 
&nd each individual fired 1,479 rounds of M16 ammunition." 
The llth Infantry Brigade reported that it conducted 10 hours 


of instruction, plus range firing. Each individual was required to 


fire 325 rounds of ammunition. 
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The 10186 Airborne Division, armed with the rifle since late 
1964, reported that it conducted 18 hours of M16 instruction and 
required each individual to fire at least 212 rounds. The llth 
Brigade and 1018: Airborne Division also engaged in a 30-day training 
program ín Vietnam which included M16 rifle marksmanship training. 

Available final readiness reports from nine units, reports of command 
inspections, and reports of staff visits have been searched for any 
mention of M16 rifle training matters. An inspection of the lst 
Cavalry Division resulted in the recommendation that rifle spare parts 
be procured. The 198th Brigade final readiness report stated that 
263 rifles were still short as of 27 July 1967. These were issued 
in September-October, prior to deployment. The only unit which 
declared a publications problem — а minor one — was the 10186 Air- 
borne Division. The division reported that it was still short 
Changes 1 through 4 to TM 9-1005-249-14. All other unit final readi- 
ness reports stated "no shortages," "по critical shortages," "по 
manuel shortages," and the like. Some few units listed many publi- 
cation shortages, but none were of M16 rifle publications. 

А number of factors influenced the adequacy of training within 
units prior to deployment, among them the critical supply status of 
rifles and ammunition, the lack of blank firing adapters and blank 
ammunition, the short lead time between issuance of rifles and 


deployment, and whether or not a unit was already equipped with the 
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M16 rifle. Another factor, difficult to assess but bearing directly 
on the adequacy of training, was personnel turbulence. The years 
1965, 1966, and 1967 were buildup years for the Army. Ап analysis 
of final readiness reports and DA staff papers relating to deploy- 
ing units reveals а tremendous amount of personnel turbulence. 
Reports of personnel shortages persist throughout all unit reports. 
Some of these personnel shortages were serious from both the 
quantitative and qualitative view. For example, in the final readi- 
ness report of the 4th Infantry Division, the lst Battalion, 8th 
Infantry declared itself 31 E6 squad leaders, 11840, and 50 E5 team 
leaders, 11840, short. Undoubtedly, the positions of шй and team 
leaders were filled by somebody, but obviously with a grade and 
experience level below that intended for optimum performance of the 
teams and squads. | 

Many of the units had personnel shortages during training, and 
consequently personnel fillers, who joined after training started, 
lacked some training. 

A number of units were conducting individual training, basic | 
combat training and advanced individual training before deployment. | 
This training had to be completed before unit training could start. | 
The 4th Division, 9th Division, 196th Brigade, and 11th Brigade were 
some of the units which had an individual training mission. 

A further complicating factor was that unit training programs 


were reduced in some cases from 13 weeks to 8 weeks. 
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Still another factor which tended to weaken training vas the ! 
substitution of 110 indirect fire crewmen and 11H direct fire crew- 
men for 118 weapons infantrymen. The formation of small rifle units 
from 11C and 11H men was practiced in Vietnam. 
The following lesson learned was reported by USCONARC in 
March 1966: 
COMMENT 


Rifle Availabilit 
An added burden has been placed on unit training by 


| the lack of stability in the types of individual wea- 
pons to be used, decisions to change to the M16 have 
compounded training problems due to the nonavailability 
of sufficient numbers of the M16 to effectively support 
& training program. 


Vietnam Training 
As of April 1966, USARV had not published specific training 


' directives requiring replacement training. It had published on 


1 February 1966 a regulation requiring each major subordinate ! 
commander to insure that ап effective command orientation program 
was conducted in his own command, and it had published material to 


be used for replacement orientation. Further, on 15 April, МАСУ 


— > 


directed USARV to initiate plans for appropriate orientation and 


training of newly arrived replacements as a means of maintaining 


— een. 


the level of training qualification. In April the units reported 
26/ 0 | 


the status of their replacement training іп the M16. 


Author underlining 
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а. Ist Air Cavalry Division: . . . Weapons firing, MI 
and M79 grenade launcher, 4 hours MET: 


b. Ist Infantry Division: . . . Replacements received 
6 hours of training on the М16 rifle at the division replacement 
company... . 

с. 25th Infantry Division (-): All replacements receive 
an orientation at the replacement company. At battalion level each 
replacement participates in a three (3) day training program, in- 


cluding: Zeroing of Rifle, familiarization firing of weapons... . 


d. 3d Brigade, 25th Infantry Division: All replacements 
received 2 hours weapons training 

e. 186 Brigade, 1018: Airborne Division: All replacements 
receive 40 hours of training to include . . . 12 hours of weapons and 
weapons and related training, . . . 

f. 173d Airborne Brigade: Up to 32 hours of training at 
battalion level to include: Battle Drill, patrolling, First Aid, 
Communications, Small Unit Tactics, Night Training, Air Mobility and 
Camp Defense Plan. (Amount of M16 rifle training, unknown.) 

On 13 May 1966, USARV published Training Circular 3, which 
established the requirement to conduct zeroing and familiarization 
firing as follows: | 

1, PURPOSE: То prescribe policy and provide guid- 


ance for Commanders in establishing a training program 
for firing individual weapons. 
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2. OBJECTIVES: To insure each individual assigned 
а weapon has fired that weapon for familiarization and 
proper zero. 


3. POLICY: Each individual will become familiar 

| with his individual weapon through an organized train- 

ing program, Personnel will receive instruction and 

undergo live firing practice with assigned weapons as 

а prerequisite to assignment of duties involving use of 

firearms. In consideration of the high personnel turn- 

over this program will be repeated at least quarterly. 

USARV Regulation 350-1 was published on 28 July 1966 and did 
not specifically mention M16 rifle training, but there were a number 
of references to weapons training and replacement training. 


Excerpts are: 


Training Policies 


Individual replacements arriving in Vietnam 
directly from CONUS and assigned to combat organi- 
zations will receive transition training prior to 
participation in combat operstions. 

Training programs developed at each level of command 
will: 

(1) Emphasize the development and maintenance 
of individual combat proficiency for all personnel. 


Training Guidance 
Special attention will be given to: 


1. Weapons proficiency. 
Sentry Duty: To insure all personnel are qualified to 
perform sentry duty, a program of instruction will be 
conducted to cover as a minimum the following points. 
a. Proficiency with weapon manned while on duty. 
Qualifications in arms was listed in Appendix I, Mandatory 
S and Recurring Type Training. The regulation stated with respect 
to these mandatory and recuuring subjects: 
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However, commanders are authorized to deviate from these 

requirements when in their judgment the operational mis- 

sions of their units necessitate and justify such devi- 

ation. 

Appendix V to the regulation, titled Replacement Training, 
prescribed policy and provided guidance for commanders in establish- 
ing a training program for replacements assigned to combat organi- 
gations. It required all newly assigned personnel to receive weapons 
training upon arrival at their new organization. 

On 20 November 1966, USARV published Training Circular 5, 
which directed the establishment of a two-hour care and cleaning 
program. A preventive maintenance indicator check list was attached 
to the circular. 

USARV Regulation 350-1 was changed 3 March 1967, 10 November 
1967, and 1 January 1968. The 3 March 1967 change required certain 
minimum rifle trainiig requirements for replacements assigned to 
USARV units in addition to the two hours of car and cleaning: 

b. Major subordinate commanders of combat, combat 

support and combat service support units will establish 

training program for replacements. The training pro- 

grams will provide for training of replacements within 

seven days of their assignment and, as a minimum, will 


cover the following subjects: 


(1) Familiarization firing and zero of indivi- 
dual weapons and other weapons as appropriate. 


(2) х 
This was a restatement of the Мау 1966 requirement but was 


more speci ıc as to the "who" end "when" of the training. 
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On 11 June 1967, COMUSMACV conducted a commanders conference, 
during which he used a talking paper which stated in part: 


I want a concerted effort made by all commanders to 
insure that every rifleman is thoroughly proficient in 
the use and care of his weapon. Adequate cleaning 
materials are available to maintain this rifle. If you 
need technical assistance, it will be provided by sup- 
port units on request, Аз а minimum, you should take 
the following actions within your commands: 


) A. Provide each soldier armed with М16 the pro- 
per cleaning equipment and lubricant and insure that he 
uses it correctly. 


B. Perform frequent inspections to ascertain 
that weapons are being maintained properly. 


C. Encourage the prompt reporting of malfunc- 
tions to support units for analysis and assistance. 


provement recommendations, DA Form 2407. 


| D. Encourage the submission of equipment im- 
Training was further increased and refined by other changes. 
| 


As of 1 February 1968, USARV had prescribed M16 rifle training as 
summarized below: 


25. SMALL ARMS FAMILIARIZATION FIRING PROGRAM: 

a. Units will establish a training program to in- 
sure that each individual becomes thoroughly familiar 
with his assigned weapon. This program will stress 
preliminary marksmanship instruction prior to the con- 
duct of live fire exercises. Range operations will be 
conducted in accordance with the procedures outlined in 
Appendix VIII. 


— مین ع د‎ Ч 


b. All units will make necessary arrangements with 
local ARVN authorities for the use of suitable ranges | 
in their immediate area. 
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с. Familiarization will be conducted as required; 
however, all personnel will take fire familiarization 
training at least semi-annually, Annual arms qualifi- 
cation is authorized as a substitute for one semi- 
annual familiarzation firing. 


26. CARE AND CLEANING OF THE М16А1 RIFLE: Due to the 
high turnover of personnel in this command the limited 
availability of this weapon outside of RVN, a training 
program will be established by all units who have per- 
sonnel armed with this rifle. Training will include a 
minimum of two hours of instruction on care and clean- 
ing of the weapon and will be presented as often as 
required to insure that all personnel are thoroughly 
familiar with the weapon. The check list for preventive 
maintenance indicators at Appendix IX will be used to 
assist in the conduct of this training. 


b. Operational commitments permitting, major sub- 
ordinate commanders will schedule each maneuver battal- 
ion and reconnaissance unit to recéive one week of re- 
fresher training every three months. In any event, 
this training will be accomplished at least every six ` 
months. Refresher training should be oriented to the 
needs of the individual unit. This refresher training 
will include, as a minimum, .... 


(a) Marksmanship 


c. Additionally, each new platoon leader, platoon 
sergeant and squad leader assigned to a maneuver bat- 
talion or reconnaissance unit will receive, as a mini- 
mum, a three-day course of instruction covering 


(4) Weapons training with emphasis on care 
and cleaning, inspections, and maintenance of the 
М1 Al rifle. 


с. Major subordinate commanders of combat, combat 
support and combat service support units will establish 
training programs for replacements, The training pro- 
grams will provide for training of replacements within 
seven days of their assignment and, as a minimum. will 
cover the following subjects: 
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(1) Familiarization firing and zero of as- 
Signed weapon and other weapons as appropriate. 


On 30 January 1968, USARV directed by message that combat 
support and combat service support units conduct special training 
when they received M16 rifles as replacements for М14 rifles. Тһе 
training prescribed consisted of four hours of mechanical training, 
one and a half hours of zeroing and automatic rifle familiarization 
firing, and two and a half hours of record firing. 

Оп 26 January 1968, USARV sent the following request to DA: 

1. Request consideration be given to expanding 

basic, advanced individual, and POR training in 

maintenance functioning, care and cleaning, malfunc- 

tions, stoppages, and application of inmediate action 

for the M16 rifle system. 
| 2. Recurring incidents in USARV units indicate 
the individual soldier needs more training in the func- 
tioning of the M16 rifle and the immediate action pro- 


1 tional hours of training in these areas prior to depar- 
ture for RVN would assist the soldier to cope with 


stoppages. 


! 
| 
i 


3. In-country training on the M16 is being extended 
to include subjects enumerated in para | above. 


On 8 February, the Chief of Staff approved a plan to initiate 


— титл 


12 hours of M16 rifle training in basic combat training. 

Training has not been uniformly adequate throughout Vietnam. 
The training problem uncovered by the USAWECOM maintenance | 
расава in October 1966 is well documented and is briefly | 


explained below. 
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During September and October some USARV units were experiencing 
serious problems with the М16 rifle, particularly the lst Infantry 
Division. As a result, on 11 October, USARV requested technical 
assistance from USAWECOM.  USAWECOM dispatched a team and, with 
the assistance of USAWECOM personnel already in Vietnam, conducted 
extensive training in first, second, and third echelon maintenance. 
USAWECOM identified the following problems: 


It is concluded that the malfunction problem with 
the ХМ16Е1 Rifle did exist and was the result of insuf- 
ficient training of the personnel prior to using the 
weapon; a shortage of technical manuals, repair parts, 

| and cleaning equipment; а lack of knowledgeable offi- 
cers and NCOs and an apparent lack of CONUS emphasis 
| on maintenance training. 


Other pertinent extracts are: 


In all classes the students brought their own wea- 
| pons, magazínes, ammunition, cleaning material, and 

accessories. А detailed inspection of each weapon ав 
well as the ammunition ап! magazines revealed that with 
the exception of the lst 3rigade of the 10186 Abn Divi- 
sion, the 173га Abn Briga:e. and the 5th Special Forces 
| Group, the weapons were ir. ап unbelievable condition of 


rust, filth, and lack of repair. The filthy condition 
ranged from actual dirt, grit, and mud on various com- 
ponents of the weapon and ammunition to a heavy carbon 
deposit on various components. The most significant 
trouble spots were the chamber, the outside of the gas 
tube extension in the upper receiver, and the inside 
of the carrier key. Questions asked of the students 
in the lst and 2d echelon classes revealed (v th the 
| exception of the three units mentioned) that the меа- 
| pons has been issued to the units just before they came 
to Vietnam or after they were in Vietnam, CONUS re- 
5 | placements had had training in marksmanship only, there 
| was a shortage of repair parts, and there was а short- 
1 age of officers and NCOs who knew anything about main- 
3 tenance of the rifle. 
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The lst Brigade of the 10186 Abn Division, the 173rd 
Abn Brigade, and the 5th Special Forces Group were the 
only units who had received training with the rifle for 
a significant period of time prior to deployment to 
Vietnam. In these units the maintenance of the rifles 
was satisfactory to good, even though the original 
people deployed with these units have for the most part 
' rotated, 


lst, 2d and 3rd echelon instruction was not given 
to the combat brigades of the lst Cav Div. This division 
stated that they were not having any trouble with the 
' rifle and requested that the instruction be given only 
to the small arms shop of their maintenance battalion, 


й Although USARV training directives have been adequate, the 
actual training has not been. This fact was documented by the 
report of the M16 Rifle Field Survey conducted by the OSD Director- 
ate for Inspection Services in Vietnam, August - September 1967. 
This report stated: 


The interview of individual riflemen in South Viet- 
nam disclosed that compliance with MACV training direc- 
tives had not been achieved to the desired degree. This 
was caused by some failure to communicate to the operat- 
ing units, down to the individual rifleman, the training 
directives issued by MACV and major subordinate commands, 
There was also some failure in the chain of command to 
follow up the implementation of the directives in order 
to achieve compliance. 


The report also stated in part: 

Specific deficiencies in М-16 rifle training which 
were identified as contributing to the past incidents 
of malfunction were: 

(a) Unfamiliarity with proper techniques of care 


and cleaning of the rifle, magazine and ammunition, 
and improper use of cleaning materials and equipment. 
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| (b) Unfamiliarity with proper type and amount of 
lubrication to be used. 


| (с) Lack of knowledge on the part of Junior Offi- 
cers and NCO's of the proper standards of maintenance 
and cleanliness as well as inspection techniques to 

! determine marginal or unsatisfactory weapons. 


One finding pertained to training: 


Training in CONUS could be improved by additional 
emphasis on familiarization firing, use of improved 
cleaning techniques, rifle disassembly and assembly, 
and application of procedures to reduce stoppages 
(immédiate action). 


The OSD report of the survey was never sent to the Army Staff 


for action. 
The continuing training deficiencies were further documented by 
! 


the results of the DA М16 Rifle Review Panel field survey conducted 


tn Vietnam, January - February 1968, This panel concluded, "Troops 


have received inadequate and improper training on care and cleaning . 
...! Another conclusion was, "Supply and training (directives) on 
the M16 are generally complete but are not adhered to." These 
conclusions stemmed from the following facts: 

The replacement training centers in the two Army divisions were 
not teaching the use of bore cleaner. One center taught that the 
bore could be cleaned with water. Neither of the two centers had 
the USARV training directive nor were they conducting the training 


according to the USARV directive. At one center, most of the time | 


of the care and cleaning class was used for actual care and cleaning 
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| of the weapon, without accompanying detailed instructions on how 
to clean and lubricate the various parts. The two centers made 
no distinction between men who had no training and men who have 
been thoroughly trained. Although the OSD team found that dirty 
magazines contributed to malfunctions, one center did not teach 
disassembly and care of the magazine, despite the fact that the 
: care and cleaning class took about 30 minutes less time tham the 
two-hour minimum established by USARV. Insufficient attention is 
paid to marksmanship proficiency in that 44 percent of all Army 
personnel who filled out questionnaires stated that they had either 
never zeroed their weapons (10 percent) or had not confirmed the 
zero in the last three months (34 percent). Finally, of all Army 


troops completing questionnaires, 29 percent stated they had never 


received M16 rifle training in Vietnam. 

A check of trip reports at G3 Training, USARV, revealed that 
at least five units during the period October - December 1967 were 
not conducting care and cleaning, zeroing, and familiarization 
firing, as required by USARV. In some cases, the training had 
never been initiated. As a result,.the Deputy Commanding General, 
USARV, directed that a series of corrective actions be executed by 
USARV units to solve training problems. This directive emphasized 
that every man would receive M16 rifle training and would zero his 
weapon and fire it for familiarization, Further, each soldier would 


confirm his zero at least twice a month. | 4 
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В. Availability of М16 Rifles for Training 


Training Base and Preparation of Overseas Replacements Requirements. 
Formal Army training with the М6 rifle was initiated in 1964, 


Since then, training has expanded and is now conducted in three 
environments or categories: (1) training base, conducted at schools 
and training centers; (2) preparation for oversea movement of 
units and unit training, conducted in units; and (3) preparation of 
replacements for oversea movement training, conducted at installa- 
tions. The history of rifle distribution for training purposes is 
fairly simple during the period from November 1963 to February 1965, 
but subsequently it becomes more complex. For this reason, the 
first and third categories of training through February 1968 and 
the second category through February 1965 will be covered in this 
section; the next section will examine preparation for oversea 
movement of units and unit training after February 1965. 

Phase 1: November 1963 - February 1965, Pre-Vietnam Period 

During this phase, the Army procured 85,000 rifles, issued them 
to airborne, airmobile, and special forces units, and CONARC made 
rifle training & unit responsibility. Rifles were also provided 
for armorer and small arms repairman training, and for the infantry 


and special warfare schools. 


Phase II: March 1965 - December 1965 


During this phase, the Army issued rifles to the 185 Cavalry 
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Division (Airmobile), and to Fort Gordon for replacement training. 
Phase III: December 1965 - December 1966 
On 6 December 1965, COMUSMACV requested approximately 170,000 
rifles for American, Vietnamese, and Korean troop uníts in Vietnam. 
The Army could not satisfy this request. It had only 85,000 rifles; 
some of these were already in Vietnam and had been included in 
COMUSMACV's calculations in arriving at the requirement for an 
additional 170,000 rifles. Further, the Army had no infantrv 
replacement training on the M16 in the training base except for 
airborne infantry at Fort Gordon. There were only 604 rifles in 
the training base in December 1965. These were located as follows: 
250 at Fort Gordon (airborne infantry replacement training); 76 at 
| Fort Lee (armorer training); 36 at Aberdeen Proving Ground (small 
arms repairman training); 131 at Fort Bragg (special forces 
training sat school and center); and 100 at Fort Benning, Georgia 
(infantry school officer and enlisted training). In addition, 
Fort Hood, Texas, had 10 rifles and Fort Knox, Kentucky, had 1 rifle. | 
During December 1965 and January 1966, two major training 
activities were being developed within the United States Continental 
Army Command (08СОМАКС). The first of these, Vietnam-oriented 
‘advanced individual training for infantrymen, had been directed 


by DA and was initiated at Fort Gordon, Georgia, and Fort Polk, | 


EX. 3-96 


FOR OFFICIAL USE ONLY 


TABLE 3-1 — DISTRIBUTION OF ХМ16Е1 RIFLE AS OF 9 NOVEMBER 1965 


Unit or Organization Number of Rifles 
CONUS 
82d Abn Div 11,800 
1018Е Abn Div (-) 8,366 
3d Special Forces 597 
! 6th Special Forces 881 
7th Special Forces 1,362 
lst Psy Warfare Bn 75 
13th Psy Warfare Bn 75 
Special Forces Tng Group 300 
Special Warfare School 65 
Training Centers 832 
Comd Support Element STRICOM 416 
| ASA Unit Ft. Lewis 45 
3d Army NCO Academy 10 
Military District of Washington 6 
USAR (Special Forces) 500 
ARNG (Special Forces) 697 
TOTAL 26,027 
USAREUR 
Special Forces 1,408 
| USARSO_ 
Special Forces 1,002 
р 934 Brigade 615 
3d Civil Affairs Group 23 
Maintenance Float 82 
TOTAL 1,722 
USARPAC 
173d Abn Brigade 2,665 
lst Special Forces Group 1,630 
25th Infantry Div 25 
lst Cav Div (AM) 13,089 
lst Bde, 10186 Abn Div 3,434 
- 5th Special Forces Group 1,208 
Air Mobile Co (Teams) 1,074 
OPPLAN SEA (Automatic Resupply) 5,746 
PIR (Classified) 21267 
TOTAL 31,138 
Loans and Test 477 
Presently in Depot Stocks (combat consumption) 4,987 
Due in for Depot Stock (combat consumption) 19,241. 
(Jan 66) 85,000 
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Weapons and ammunition for installations must 
be kept to the minimum consistent with the training 
requirement and with full recognition of the criti- 
cal status of 5.56mm ammunition. 

USCONARC was already aware of the fact that the Army was search- 
ing hard for rifles and 5.56mm ammunition for Vietnam because in late 
December 1965 DA had informed USCONARC of the Army plan to borrow M16 
rifles and ammunition from the Air Force and exchange the M16 rifles 
for the XM16El's located in the CONUS training base. The ХМ16Е1!8 
would be applied against the Vietnam requirement of 170,000 to 
provide troops in Vietnam with the Army version of the Air Force М16 
rifle, 30/ 

USCONARC responded to DA on 21 January 1966, stating: "With 
current and projected availability of Ml6's in training base, 
requirement to train personnel and units . . . cannot be fully 
accomplished." However, USCONARC directed the CONUS armies to 
execute the training with rifles on hand or upon receipt of M16 rifles, 
if and when CONARC received additional М16 rifles. 

The plan to provide USCONARC with Air Force Ml6's in exchange 
for XM16El's in the training base was initiated. In January 1966 


there were 854 ХМ16Е1 rifles in the training base: the 604 rifles 


оп hand in December 1965, plus the 250 issued to Fort Gordon in late 


December 1965 as а result of the assignment of the Vietnam-oriented 
AIT mission. On 11 January 1966, DA informed USCONARC that 1,545 


30/ The ХМ1621 has a forward assist assembly; the Air Force M16 
does not. 
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Air Force М16'5 were immediately available to exchange for the ХМ16Е118 
on hand to assist in the new training mission. On 27 January, DA 
informed USCONARC that 333 additional Air Force rifles would be 
available each month, January through April, and 666 in May. The 
USCONARC order to execute the USARPAC-requested training went to the 
CONUS armies on 1 February 1966.31/ Instructions therein for rifle 
distribution were based on getting the 1,545 rifles immediately 
available, plus the 333 for January and the 333 for February, a total 
of 2,211 rifles. USCONARC had to surrender all XMI6El rifles in the 
training base and execute the training mission, USCONARC allocated 
1,531 M16 rifles to the training base and the remaining 680 rifles 
to the CONUS armies for initiation of the М16 rifle POR training in 
each Army area. The USCONARC order of 1 February also stated that 
because of time factors involved in the distribution of rifles and 
the selection and training of personnel needed to conduct the program, 
it was anticipated that the program itself would not be fully imple- 
mented until approximately 1 March. 

By 14 February 1966, USCONARC had identified and reported to DA 
the quantity of rifles considered necessary to execute the M16 rifle 
POR training mission. Initially, the number requested was 1,007; 


this number was reduced by 154 at DA request, and USCONARC submitted | 


Jl/Msg, CG USCONARC to CONUS armies, USA CDC, US AMC, Schools, 
1 Feb 1966, Sub: M16 Rifle Training. | 
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| а revised request for 853 rifles for POR training. These rifles were 
in addition to the 854 required to replace XMI6El's in the training 
base and the 300 required at Fort Polk for the new М16 rifle training 
mission there. 

On 17 February 1966, DA informed USCONARC that 768 rifles could 
be provided against the 853 required, a shortage of 85; additional 
weapons would be provided when available; and there were no plans to 
obtain additional Ml6 rifles from the Air Force at this time. 

In February, at the same time that DA and USCONARC were attempting 
to get rifles for the POR mission, USCONARC was also looking for rifles 
to improve the quality of training in the Army training centers for new 
infantry replacements, Fort Gordon in February had 500 rifles and was 
training; Fort Polk was awaiting issue of 300 rifles in order to start 
M16 training. The rifles at both Fort Gordon and Fort Polk were 
used as & pool. One company of trainees used the Ml6's during that 
part of the training cycle which called for automatic rifle marksman- 
ship training; at all other times during the training cycle, the М14 
was used. 

USCONARC believed that every trainee should have an M16 rifle 
for the entire period of advanced individual training. Accordingly, 


| 
| on 21 March 1966, USCONARC requested 2,200 rifles for Fort Gordon 
| and 2,230 rifles for Fort Polk. At this time, Fort Gordon still had 


500 rifles on hand and Fort Polk had received its 300 rifles and had 
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started traíning on 7 March 1966. The USCOHARC letter request32/ 
went to Assistant Chief of Staff for Force Development (ACSFOR), who 
passed it to the Deputy Chief of Staff for Logistics (DCSLOG). On 
7 April 1966, a USCONARC fact sheet noted: "DA advises they (the 
rifles) cannot be made available for at least six to eight months due 
со RVN requirements for weapons now under procurement." On 12 April 
1966, DCSLOG requested DCSPER to validate the requirement since the 

| rifle was a closely controlled item of supply. 22234/ On 20 April 1966, 

| а USCONARC staff paper stated: DA DCSLOG advises that there will be 

| no issues (of M16 rifles) to USCONARC from this production (FY 1966 

| 3 production) until RVN requirements have been satisfied. Best estimate 
of possible delivery date of any М16Е1 rifles to USCONARC is December 

| 1966." Subsequent to the USCONARC request, action had been taken by 
DA DCSPER and USCONARC to expand the training input capacity at 
Fort Polk from one to two companies, effective 6 June 1966, to accomo- 
date increased Virtnam requirements. Therefore, DCSPER, in coordination 


with USCONARC, doubled the Fort Polk rifle requirement and, on 27 April 


| Fort Gordon, 2,200 rifles. In keeping with the established priorities 


| 1966, stated the requirement to DCSLOG as: Fort Polk, 4,460 rifles; 
| | for allocation of the М16, however, DCSPER recommended to DCSLOG that 


maneuver battalions' requirements were satisfied. To insure that Polk 


m " 3270Е, ODCSLOG to DCSPER, 12 April 1966, sub: M16 Rifle Requirements. 
jo жоғ, ODCSLOG to DCSPER, 12 April 1966, sub: M16 Rifle Requirements. 


/ DCSPER had received responsibility for individual training 
(74%) functions from ACSFOR in November 1965. 


шү these rifles and associated equipment be furnished ав soon as the RVN 
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had the minimum number of rifles to initiate and accomplish the training 
mission, DCSPER further recommended that 300 rifles be made available 
to Fort Polk prior to 1 June 1966. But on 8 June 1966 neither the 
desirable quantity of rifles (Fort Polk, 4,460 and Fort Gordon, 2,200) 
nor the minimum number (Fort Polk, 300, plus the 85 previously shorted) 
had been issued. On 9 June, USCONARC DCSLOG informed USCONARC Deputy 
Chief of Staff for Individual Training (DCSIT) that DA DCSLOG had 
directed USAWECOM on 6 June 1966 to ship, via air parcel post, the 300 
minimum to Fort Polk to satisfy the increased training missions. Weapons 
were to arrive at Fort Polk prior to 20 June. Marksmanship training for 
trainees was scheduled to start 27 June. The 300 rifles for Fort Polk 
arrived by 17 June 196625/ 

The DA message directing USAWECOM to issue 300 rifles to Fort 
Polk was dispatched on 3 June, not 6 June 1966. The message also allo- 
cated an additional 4,500 rifles to the CONUS training base, or a total 
of 4,800. These 4,500 rifles were sub-allocated by USCONARC as follows: 
2,045 to Fort Gordon; 2,453 to Fort Polk. Sufficient rifles were thus 
provided for Fort Gordon; Fort Polk was still short 2,556,36/ and there 


3571n September 1966, USCONARC DCSLOG reported in a fact sheet 
that 1,007 M16 rifles had been issued to installations for POR training. 
This report indicates that USCONARC had received the 85 rifles which 
DA had initially been unable to supply, and also the 154 rifles which 
had been eliminated from the original requirement at DA request. However, 
there is no documentation to support these rifle issues. 


36/Тһеге were two minor additional changes to the Fort Polk re- 
quirement which contributed to the shortage of 2,556 rifles. 
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was still a shortage of 85 at various CONUS stations for the POR mission. 
As Vi. tnam requirements far infant r. mos rose, D^ deci! i in 
August 1966 t. «om ort the standard intan r. WT at Fort Jackson, 
South Carclina. t Vietnam oriented АТТ, Port Jackson was issued 540 
rifles and tcainin« was conduct: d by usine toese ГЇЇ! ~ as a pool. 
USLU UnAKRC submitted an operational report (Í lessons learned 
in Septemoa 19600 roche quarter ending 3 July 1966 іг which was 
stated: 
Rirle Availability 
The decision to change the types of individual 
weapons (М16) has compounded training problems 
because of lack of sufficient numbers of the weapon 
in the training base. 
x In October 1966 a second major expansion of Vietnam-oriented AIT 
| ас Fort Polk was ordered. Fort Polk requested only 267 rifles, based 
} оп the changed plan to equip every trainee with a rifle kek orig the 
first four weeks of AIT. These weeks of training included rifle marks- 
manship and gave the trainee fou. weeks of familiarity with the М16 rifle. 
Tactical training was conducted during the latter half of the nine-week 
cycle; the M14 rifle was used because of the requirement for blank 
= ammunition. The Fort Вік ¿eques cid nov include а consideration of 
300 U.S, Air Force М16 rif'es which it had on hand. For this reason, 
DA denied the Fort Polk request for 267 rifles. 


In November 1966, those infantry replacements for Vietnam coming 


from the training base were being trained at Fort Jackson, South Carolina, ! 
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1 Fort Polk, and Fort Gordon. The following extract from а USCONARC 
fact sheet of November 1966 shows the status of rifles for Vietnam- 
oriented advanced individual training. 


Fort Jackson has 9 companies (227 men/Co) of specialized 
AIT now in cycle. Fort Jackson has advised Third US 
Army that 540 М16Е1 rifles on hand are adequate to con- 
duct the type of training they are doing now, Fort 
Jackson has not requested additional rifles, and 
therefore, there are none on requisition. 


Fort Polk has 27 companies (227 men/Co) of specialized 
AIT now in cycle. Fort Polk has advised Fourth US Army 
that 3,053 М16/МІ6ЕІ rifles, including 138 used as 
floats, are sufficient to conduct the required training. 


Fort Gordon has 9 companies (227 men/Co) of specialized 
AIT now in cycle. Fort Gordon has advised Third US Army 
that 2,547 М16/М16Е1 rifles on hand are sufficient to 
conduct training. 


Training centers advise that they do not require 1 M16 

rifle for each individual during the entire training 

cycle because blank firing attachments and blank. 
ammunition for М16/М16Е1 rifles will not be available 

until 1968, The M14 rifle must be utilized during those 
phases of training which require firing of blank ammunition. 


Since blank firing attachments and blank ammunition are 
not available, it is not appropriate that additional 
М16Е1 rifles be issued at this time. When those items 
i are available, action can be taken to issueadditional 
M16E1 rifles. 
DCSIT has advised DCSLOG that they are not aware of 
any additional requirements, DCSLOG plans no additional 
action at this time. 
The first issue of 5.56mm blank ammunition to USCONARC occurred in 
November 1967. 


The distribution of rifles vis-a-vis the training policy is difficult 


3-105 


FOR OFFICIAL USE ONLY 


— —— E 


La Ta eee 


| to understand. Fort Gordon had almost five times as many rifles ав 
Fort Jackson; yet both training centers had the same infantry advanced 
individual training mission, trainee input, and trainee load in Vietnam- 
oriented AIT. Fort Gordon received most of itsa rifles on the basis 
of issuing опе per trainee, ав did Fort Polk.  DCSPER had validated 
the Fort Polk and Fort Gordon rifle issues at the request of DCSLOG 
and in coordination with CONARC. However, this policy obviously was 
not applied to Fort Jackson, which had only 540 rifles. 
On 20 November 1966, USCONARC directed that "each AIT-Inf (RVN) 
trainee will have the M16 rifle in his possession from entry into AIT 
training until completion of the 9 week course." This created a 
requirement for 1,496 rifles at Fort Jackson and 3,076 rifles at Fort 
| Polk; Fort Gordon had sufficient rifles on hand. On 30 November 1966, 
USCONARC DCSLOG stated that sufficient rifles were available to fill { 


these two requirements and that the installations had been directed i 


| submitted, the requirements were revised upward. These rifles were 


furnished as follows: 


to submit requisitions for the rifles. When the requisitions were | 
| 


Dec 66 Jan 67 Total 
Fort Jackson 1,395 997 2,392 
Fort Polk 4,160 4,160 


In December 1966, the rifle supply situation was still far from 


the desired objective. The Joint Chiefs of Staff had assumed authority 
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and control of allocation of rifles (and ammunition) in April 1966.27 


Initial JCS 44 allocation was on 29 April 1966 and was keyed to pro- 
duction schedules, On 1 December 1966, a JCS memorandum stated: 
An evaluation of the ХМ16Е1 rifle situation reveals 
that stocks and planned production of this weapon are 
insufficient to satisfy the immediate requirements of 
both US and non-US forces. The indicated maximum pro- 
duction is 25,000 rifles per month, which will be reached 
in December 1966, This results in a requirement to 
stretch out or postpone deliveries to those non-US 
forces not actively engaged in combat operations in 
South Vietnam,while at the same time giving priority 
to the US and non-US forces actively engaged. 


As a result of the memorandum, ХМ16Ё1 rifles were reallocated for the 


period November 1966 through June 1967. 


Phase IV: December 1966 - February 1968 


In December 1966, a major change occurred in the training require- 
ment when DA directed that limited distribution of the ХМ16Е1 rifle be 
extended to include all active Army units in or scheduled for deployment 
to Southeast Asia. 

CONUS armies requested 1,739 rifles in February 1967 in order to 
satisfy the expanded load of personnel to be trained. Most of the 
rifles were issued in March, the remainder in April and May. 

The next requirement for rifles arose in connection with the 
training of packet personnel from June to September 1967 at Fort Lewis, 
Washington. Emphasis at USCONARC on the training of these packets, 


en route to Vietnam, was such that an 18-hour course was prescribed. 


37/ Msg, DA to CINCUSARPAC, 16 May 1966, sub: JCS Allocation 
of Rifle XM16El and Cartridge 5.56mm. 
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Initially, 360 rifles were required. It was learned, however, that 

, some of the personnel to be trained were recent graduates of Vietnan- 
oriented AIT. These soldiers were considered adequately trained 
and were consequently excused from rifle training as a part of the 
packet training conducted at Fort Lewis. Thus, the rifle requirement 
was reduced to 200. However, the Army had no rifles in depots or 
available from procurement to satisfy the requirement. USCONARC 


finally directed Third Army and Fourth Army each to provide 100 rifles 


: to Fort Lewis, but not to take these rifles from either training 
centers or schools. The rifles were to be returned to the place of 
origin after Fort Lewis had finished the packet training. 


In May 1967, as Vietnam requirements for infantrymen continued 


to increase, DA decided to convert the standard infantry AIT at 


Fort McClellan, Alabama, to Vietnam-oriented AIT. Fort McClellan 
requested 2,300 rifles (one per trainee) with issues to be made at 
the rate of 360 rifles a week until 2,300 had been issued. Issues 
began in June and training began in July 1967. 


Effective August 1967, the third expansion of Vietnam-otiented 


AIT at Fort Polk was initiated. Fort Polk requested 2,300 rifles; as 
of 31 July, it had received 1,790 rifles, and still required 510 rifles. 
‘Fort McClellan required 151 of 2,300. An additional 110 rifles were 
tentatively scheduled for delivery to Fort McClellan in October 1967 


for use ав a maintenance float. The required 510 and 151 were supplied 
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in August 1967. 

In September 1967, USCONARC requested the following quantities of 
rifles from DA: Fort Benning, Infantry School, 450; Fort Benning, 
Infantry Noncommissioned Officer (NCO) Candidate Course, 2,800; 

Fort Knox, Armor Training Center, 48. 

In October 1967, DA decided to exchange MI6Al rifles from new 
production for old rifles in the 10156 Airborne Division. Depart- 
ment of the Army directed U.S. Army Munitions Command (USAMUCOM) to 
provide the 1016: Division with 9,765 rifles. USCONARC was permitted 
to apply the older serviceable rifles released by this exchange 
against training requirements. Therefore, on 22 November 1967, USCONARC 
provided the following rifles: 

Fort Benning: 1,591 for Infantry NCO Candidate Course. These 
rifles, plus some previously redistributed by 
USCONARC, due to change in status of certain 
units, completed the requirement for the Infantry 


NCO Candidate Course, which had a total require- 
ment of 2,800 rifles. 


Fort Sam Houston: 60 for the Medical Training Center for POR training. 


Fort Bragg: 245 for 3d Special Forces Group (Airborne) 
Fort Bragg: 20 for POR training. 
Fort Sill: 5 for POR training. 


FY 1968 rifle requirements for training were estimated by USCONARC 
on 3 August 1967 to be 16,190. (Table 3-2) 

On 7 February 1968, DCSPER provided the Chief of Staff, Army with 
three alternative plans for the conduct of М16 rifle training during 


basic combat training (BCT). The recommended alternative required 
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5,268 rifles and was preferred because ít could be immediately supported, 
The plan recommended for eventual adoption will require approximately 
130,000 rifles. The recommended alternative was approved on 8 February 
1968; also approved for eventual adoption was complete conversion from 
the M14 to the M16 rifle in basic combat training. 

The Chief of Staff also approved a plan for converting the 
remainder of the standard infantry AIT to Vietnam-oriented infantry AIT. 
Finally, a plan is pending to require oversea commands to pro- 
vide M16 rifle training to personnel transferred to Vietnam from the 

oversea commands. 
Because of these three recent training actions, the training 
base rifle requirements will not be satisfied until the second quarter 


| 
of 1969. : à | 
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Table 3-2 — USCONARC 


FY 1968 REQUIREMENT FOR RIFLES FOR TRAINING BASE 


2,600 
450 
48 
75 
750 


16,190 


Infantry NCO Candidate course 

Ranger School 

Increased AIT, Fort Knox 

Armor NCO Candidate Course 

Artillery NCO Candidate Course 

Maintenance float, Fort McClellan ATC 

Increaded MOS skill level training (80-MOS 
package) 

Subtotal 


Contingency for possible new requirements 
and rounded out sufficiently by USCONARC 
to subtotal 14,600 

Subtotal as provided by USCONARC 


Contingency for possible new requirements 
and rounded out sufficiently by DA to 
total 16,190 


Total 
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РОМ and Unit Training Requirements 
Phase 1: November 1963 - February 1965, Pre-Vietnam Period 


Sufficient rifles were available to conduct training during 
Phase I because training was a unit responsibility and every man 
whose basic weapon was the rifle was issued an М16 in those units 
authorized the weapon. 

Phase II: March 1965 - December 1965 

The first three units to arrive in Vietnam had been issued the 
M16 rifle in CONUS and Okinawa prior to deployment and were a part 
of the orginal plan under which 85,000 rifles were procured for air- 
mobile, airborne, and special forces. The fourth unit, the lst 
Infantry Division, deployed to Vietnam with the №14 rifle. It was 
partially equipped (infantry and mechanized battalions only) in 
Vietnam with the M16 rifle from January to March 1966, not as part of 
the 85,000 rifle plan but as a result of the request made by COMUSMACV 
on 6 December 1965. 

Phase III: December 1965 - December 1966 

In December 1965, in the wake of the COMUSMACV request for 
rifles, USARPAC requested M16 rifle training for deploying infantry 
battalions and squads of reconnaissance platoons. This established 
the requirement for preparation for oversea movement of units (POM) 
training. From December 1965, when the initial request for rifles 


for units ín Vietnam was made, until May 1966, the policy was to issue 
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rifles to units already in the country. The 25th Infantry Division 
arrived during the period January to April 1965 and issue was made 
partly in Hawaii and partly in Vietnam. On 21 January 1966, USCONARC 
indicated that there were only two units with intantry elements 
tentatively scheduled for deployment to Vietnam: the 4th Infantry 
Division and the llth Armored Cavalry Regiment. Although there was 
some uncertainty as to which units were to be deployed to Vietnam 
during 1966, and whether or not these units were to be equipped 
with the М16 rifle prior to deployment, the requirement to conduct 
M16 POM training was definite. Therefore, on 1 February 1966 
USCONARC notified the CONUS armies that "Actions with respect to 
units which may be deployed to КУМ and who require M16 training 
will be treated on a case by case basis." 

In May 1966, Department of the Army provided USARPAC with the 
Joint Chiefs of Staff allocations of rifles and ammunition. DA 
requested that USARPAC review its weapons densities and provide DA 
with the recommended phased input of rifles to USARPAC based on ammu- 
nition support availability. The DA policy was to deploy no weapons 
unless they could be supported within theater required supply rates; 
ammunition was critical and was the governing factor in dip towne 
of the weapon. DA also suggested to USARPAC that "phased input 
should consider distribution in CONUS of rifles to units scheduled 


to deploy to Vietnam." 
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| Оп 5 Мау 1966, COMUSMACV requested DA to issue rifles in CONUS 

to the 4th Infantry Division, 11th Armored Cavalry Regiment, 199th 
Infantry Brigade, and 9th Infantry Division on a phased monthly 
schedule. On 3 June, DA directed USAMC to distribute according to the 
COMUSMACV recommendations, with some revisions. DA had already issued 
1,902 rifles to the 2d Brigade Force, 4th Infantry Division, on 24 May 


1966. On 15 June 1966, USARV explained the basis of issue as follows: 


| (1) divisional infantry and mechanized brigades; (2) separate infantry 
brigades; (3) armored cavalry regiment; and (4) selected combat support 
and security units. USARV desired issue of rifles to the first three 
in CONUS; issue of rifles to the fourth in Vietnam. 


On 18 June 1966, USCONARC prepared a fact sheet on the status 


of distribution of rifles for deploying units stating in part: 


COMUSMACV has notified DA which CONUS units are to 
receive ХМ16Е1 rifles before deployment to КУМ, The 
following allocations have been proposed by MACV and 
approved by DA: 


Quantity 
| Unit XM16E1 Date of Shipment 
} 

| 24 Bde Force (4th Inf Div) 1,902 May 
| 4th Inf Div (-) 3,832 June 
llth ACR 2,148 June 

| 199th Inf Bde 2,924 *As recommended by 

9th Inf Div 5,532 armies concerned 


* Due to shortage of M16 ammunition XM16El rifles cannot 
be issued to these units until completion of unit train- 
ғ; ing. Sufficient M16 ammunition has been set aside for 

both units to qualify selected personnel (infantry MOS) 
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оп the М16 rifle (52 rounds per individual). Message 

has been sent to Third and Fifth Armies advising that 

above weapons are available but due to M16 ammunition 

shortage, М16 weapons should not be issued to troops 

until completion of unit training with M14 rifle. 

Message also requests both Armies to submit dates 

ХМ16Е1 rifles are to be shipped from depots. 

This fact sheet illustrates again that ammunition availability was 
the controlling factor in weapons distribution. 

Rifles for the 4th Division and llth Armored Cavalry Regiment 
were issued in May and June in time for M16 rifle training. Wea- 
pons for the 9th Division and 199th Brigade were issued by 23 
November 1966 in time for M16 rifle training. 

On 27 June 1966, USARV requested DA to replace Ml4 rifles 
with M16 rifles in the 196th Infantry Brigade prior to its deploy- 
ment to Vietnam. The rifles were to be obtained by diverting from 
the 9th Infantry Division June issues and repaid from the USARV 
July allocation. This request constituted extremely short notíce. 
The weapons arrive at Fort Devens, Massachusetts, 5 July and the 
196th Brigade departed 15 July. 

On 22 December 1966, DA informed USCONARC that all active 
Army units in SEA (later changed to USARV) or scheduled for de- 
ployment to USARV would be issued the M16 rifle. First priority 
for issue of the rifle was to all CONUS-based units scheduled for 


deployment to USARV with equipment readiness date of 1 January 


1967, and thereafter. 
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1 Phase IV: December 1966 - February 1968 


The 198th Brigade deployed in October 1967 and received wea | 
pons in May 1967. Due to modified table of organization and equip- 
ment (MTOE) changes, additional weapons were issued in September 
1967. Тһе 11th Brigade in Hawaii was issued М16 rifles in November 
1967 in sufficient time to conduct training prior to deployment. 

The 101st Airborne Division and the 3d Brigade, 82d Airborne 

' Division, have been armed with the М16 since late 1964. 
After December 1965, the issue of M16 rifles and 5.56mm ammuni- 

| tion were closely controlled by DA. Rifles were not immediately 
available for training purposes; in some cases, the lack of sufficient 
amounts of ammunition delayed the issue of rifles. The nonavailability 
of a blank firing adapter also contributed to delays in issuing 

| rifles to units. After receiving rifles and ammunition, units had 

to complete the required minimum 8-hour POM training program which, 


in turn, was a product of an insufficiency of rífles and ammunition. 
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С. Availability of Ammunition for Training 
Phase I: November 1963 - February 1965 


During this period, ammunition was provided to support the 
issue of M16 rifles to special forces and airborne units. Ample 
quantities of ball ammunition were available for traíning.J9/ In 
April 1964, USCONARC requested 18.5 million rounds of 5.56mm ammuni- 
tion to establish unit basic loads and to support training. The 
full amount was allocated by USAMC in July 1964. Tracer ammunition 
was produced in small quantities and was used in Southeast Asia. 
Blank ammunition was not available. 

On 24 November 1964, Department of the Army approved 5.56mm ball 
and tracer ammunition а11омапсев29/ to provide ammunition for Army 
Training Programs (ATP's), operational readiness training, and 
annual qualification firing. The basis of issue for 5.56mm ammuni- 
tion was the same as that authorized for 7.62mm ammunition. 

On 25 November 1964, Third Army requested information from 
USCONARC on the availability of blank and tracer 5.56mm ammunition. 
With the exception of 123 rifles at Fort Knox, Fort Hood, Fort Lee, 


38 
Tracer ammunition was not produced in quantity until fis- 


cal year 1965 when 42.8 million rounds were manufactured. Blank 
ammunition was not produced until Juiy 1967 (limited production) and 
as of February 1968 was still not available in quantity. The first 
CONUS allocation of 5.56mm blank was received for training in 
November 1967 (200,000 rounds). 


39 ји 


Рог inclusion in ТА 23-100. 
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and Aberdeen Proving Ground, Third Army had all the rifles in the 


continental United States. The Third Army шевваве20/ stated that 


information available to Third Army indicated that tracer ammuni- 
tion would be available in six months and that blank ammunition 
would not be available until spring of 1966. ТЕ added, further, 
that lack of these types of ammunition would seriously delay 
training with the M16 rifle. Third Army requested authority to 


purchase blank ammunition from other than supply sources S CONARC 


replied a! 


Tracer is under development with anticipated type 
classification in January 1965. Deliveries of tracer 
are tentatively scheduled to start April 1965. 


The blank round has not been type classified or 
safety certified. Therefore, availability cannot be 
determined at this time. 


Commanders are not authorized to buy non-standard 
items from commerical sources unless approved by DA. 
Pending safety certification of blank round, it is not 
considered feasible to approach DA for approval of 
local purchase. Further, while the blank round is de- 
sirable in order to add realism to training exercises, 
it is considered that training can be conducted 


40 
MSG, CG Third Army, to CG USCONARC, 25 Nov 64, sub: 
Availability of Blank and Tracer 5.56mm Ammunition. 


41 
Remington had produced blank ammunition, 


42 
Msg, CG USCONARC to CG Third Army, 7 Dec 64, sub: Avail- 


ability of 5.56mm Ammunition. 
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effectively utilizing substitute items pending avail- 

ability of blank round through normal supply channels, 

In this respect, DVC 7-12, Small Arms Gun Fire Simula- 

tor, M2 is available in Training Aids Centers, your 

Army Area and M14 rifles and 7.62mm blank ammunition 

may be drawn from supply to support training require- 

ments, 
Phase 11: March 1965 - December 1965 

Sufficient ball ammunition was available during this period 
for the various types of training conducted by units armed with 
the rifle, and for replacement training as well. Ammunition was 
required in significant quantities only in airborne, airmobile, and 
special forces units, and at the Fort Gordon Training Center. One 
million rounds of tracer ammunition were allocated to training during 
FY 1966; blank ammunition was not available. 

In September 1965, the worldwide training requirements for 
5. 56m ammunition for FY 1966 and 1967 averaged only 3.3 million 
rounds per month, The projections of assets, consumption, and 
production for these fiscal years were such that all requirements, 
including training, could be satisfied easily. Іп September 1965, 
three lines were in production--Remington Arms, Federal Cartridge, 
and Olin Mathieson. No additional lines were scheduled, 
Phase III: December 1965 - December 1966 

On 6 December 1965, COMUSMACV requested 170,000 M16 rifles. 
At this time, the rate of ammunition production was about 12 million 


rounds а month. USAMC estimated that new requirements would total 
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| 100 million rounds a month. DA began work to expand 5.56mm cartridge 
capacity through use of facilities at Lake City Army Ammunition Plant, 
Missouri, Twin Cities Army Ammunition Plant, Minnesota, and Badger 
Army Ammunition Plant, Wisconsin. It was, therefore, necessary to 
make the best possible use of every rifle and every round of ammuni- 
tion to fill the COMUSMACV request and other requirements. 

On 22 December 1965, DA informed USAMC that the U.S. Air Force 
would provide 10,635,000 rounds of 5.56mm ammunition tu the Army for 
all purposes (not just for training) during the period December 1965- 
May 1966. 

On 12 January 1966, DA asked USCONARC to develop a plan to pro- 
vide M16 rifle training as requested by USARPAC on 31 December 1965. 
The DA message acknowledged the criticality of 5.56mm ammunition ав 


follows > 


In formulating necessary training plans it is es- 
sential that consideration be given but not be limited 
to the following: 


а. Weapons and ammunition for installations must 
be kept to the minimum consistent with the training 
requirement and with full recongition of the critical 
status of 5.56mm ammunition. 


Ь, Possible reduction in ammunition requirements 
for M16 training now being conducted. 


—— — —— — | 


On 17 January 1966, DA informed USCONCARC and USAMC that M16 


rifles would be withdrawn from the 3d, 6th, and 7th Special Forces, 


Msg, DA to СС, USCONARC, 12 Jan 66, sub: M16 Rifle Training. | 
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and that Ml6's would be replaced by М14'8. The 5.56mm ammunition 
on hand to support the Ml6's would also be withdrawn for use in 
Vietnam. The Ml “s would be used to further reconstitute combat 
consumption stocks withdrawn for issue to COMUSMACV. 

Оп 21 January 1966, USCONCARC informed DA of its plan for M16 
rifle — Ammunition availability was an important factor in 
the development of the program. Тһе CONARC stated in part: "The eight · 
hour training course thés command will prescribe involves 62 rounds 
of ammunition (for KD ranges) or 52 rounds (trainfire range), which 
according to estimated requirements can be supported with current 
ammunition availability." 


On 1 February 1966, USCONARC directed CONUS army commanders to 


conduct M16 training and requested progress reports. 


During the period 23 to 25 February 1966, the CONUS armies 
reported that they would be able to conduct M16 rifle training on 
receipt of rifles and ammunition and that instructions had been 
dispatched to subordinate installations within the armies. 

In April 1966, the Joint Chiefs of Staff assumed authority for 
and control of allocation of all types of 5.56mm ammunition, except 
blank ammunition. Initial allocation was made 29 April 1966 and was 


keyed to the production schedules. 


[WA 
Msg, CG USCONARC to DA, 21 Jan 65, sub; M16 Rifle Training. 


š 
я 
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On 6 Мау 1966, DA informed USARPAC that по weapons would be 
deployed unless they could be supported within theater required 
supply rates 22! Actually, this was a restatement of existing : 


policy. The criticality of ammunition was recongized twice in the 


message. USARPAC was asked to recommend the phased input of rifles 
based on ammunition support availability. USCONARC was asked to 
review the training requirement in light of planned ammunition 
allocation, and to make maximum adjustments within the austere 
allocation planned to assure mission accomplishment. 
The criticality of ammunition was again identified by DA ina 
message on 4 June 1966 to USARPAC and CONARC which stated in part 
that the allocation of 5.56mm ammunition was the controlling factor 
і in the distribution of the М16 rifle. 
! Ammunition was provided for training in CONUS based on the 
8-hour, 62-round or 52-round program. Units deploying to Vietnam 
normally conducted unit training with the MIA rifle and switched 
to the M16 just prior to deployment. The М14 permitted the use of | 
blank ammunition and the blank firing adaptors during unit training, 


the M16 did not 25/ 


45 
| Msg, DA to CINCUSARPAC, 6 May 66, sub: JCS Allocation of 


| Rifle ХМ16Е1 and Cartridge 5.56mm. 
46 1 
The impact оп training of the 9th Infantry Division and the 


199th Infantry Brigade caused by the shortage of ammunition is dis- Ë 
cussed on page 3-114, 
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During the fourth quarter of FY-1966 (April-June 1966), the 
USCONARC stated requirement was 9.290 million rounds; USCONARC was 
allocated 7.982 million rounds, or 86 percent of the requirement, 

On 8 July 1966, a CONARC fact sheet stated: "As of 30 Jine 
(1966), final progress reports received from each Army indicated 
that all Army installations have completed preparation and have on 
hand the necessary М16 rifles and ammunition to conduct required M16 
training." 

On 31 August 1966, the Joint Chiefs of Staff granted authority 
to CINCPAC to allocate 28,000 rounds of 5.56mm ammunition to the 
Philippine Navy. Four days later, USARV reported that an analysis 
of ammunition had disclosed that seven key items of ammunition 
would decrease to zero balance. One of these items was 5.56mm ball 
ammunition, which had a zero balance date of January 1967. A similar 
analystes of 5.56mm tracer revealed that the quantity on hand in the 
theater during the period October 1966 to June 1967 would be about 
4.0 million rounds, or 27.2 million less than the USARV June 1967 
stockage requirements. Тһе USARV message further stated: "It 
should be noted that the 5.56mm ball, 8lmm HE, and 105mm HE аге 
the backbone items for current operations in this theater. То 
reduce stockage of these items to an unacceptable low level with 
present significant problems to combatoperations this theater," 
This message led to the establishment of the Department of the Army 


Allocation Committee, Ammunition (DAACA). 
3-124 


FOR OFFICIAL USE ONLY 


On 7 November 1966, JCS J4 stated that the actual production of 


5. 56 had not met planned production ав indicated: 


June 33.8 17.9 
July 43.8 13.0 
August 60.8 19,2 
September 60.2 29.6 


1966 Planned Actual 
The primary reason for slippages was difficulty in meeting 
quality assurance standards of primer sensitivity, 
Phase IV: December 1966 - February 1968 
During this period, USCONARC received monthly ammunition allo- 
cations equal to or greater than the CONARC stated requirements. 
In July 1967, the task of allocating 5.56mm ammunition was trans- 


ferred from the Joint Chiefs of Staff to the Department of the 
| Army. 
Blank Ammunition 

The history of the 5.56mm blank round began with the award of 
а contract to Remington for production of a prototype (XM200) оп 
24 November 1964, At the in-process review of the blank round and 
BFA conducted 12 February 1968, the decision was made to submit the 
blank round to the USAMC Technical Committee for type classification 
on February 1968, An audit trail of the blank round is available 


in the files of the Rifle Review Panel. 


4 

j 
4 

4 
27 
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р, Development of Training Literature and 
Other Training Material 


History 


Approximately forty items of training literature and training 
material have been devoted wholly or in part to the M16 rifle.42/ 
Some items have been superseded and some have been modified as 
further experience with the rifle dictated. The basic Department 
of Army publications on the М16 rifle have been the field manual, 
FM 23-9, and the technical manual, TM 9-1005-249-14, 

The first training manual, produced by Colt's Inc, in Feb- 
ruary 1960 and titled "Parts, Accessories, and Armorer's Kit," was 
published "for the information and guidance of ordnance personnel 
whose duties involve the use, maintenance, and repair of the cal- 
iber .223 Basic Infantry Weapon, AR15. Disassembly, assembly, 
cleaning, and minor repairs may be undertaken by anybody." Colt's 
Inc, stated that this manual was neither packaged with the rifle 
nor distributed to the Army. From statements contained in the 
manual, the reader could easily conclude that the weapon is almost 
trouble free and extremely simple to maintain, Further, the manual 
implies that the soldier may drop his empty magazine from the rifle 
and throw it away. The following are selected extracts from Colt's 


manual; 


47 For identification and date of these items, see Inclosure 1, 
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The Colt AR-15 features a quick loading principle 
embodying the use of a very lightweight preloaded mag- 
azine which under combat conditions is thrown away. 


As soon as the magazine is emptied the release 
button is pushed with the finger and the empty maga- 
zine drops. 


Corrosion resistant materials facilitate the as- 
sembly and interchangeability of parts and reduce the 
service and maintenance of the Colt AR-15 to an abso- 

! lute minimum. Firing of the Colt AR-15 with complete 
absence of lubricants in a chemically cleaned condi- 
tion has in every country where this test has taken 
place resulted in a performance far exceeding any re- 
quirements. 


The Colt АК-15 rifle will fire longer without 
cleaning or oiling than any other known rifle. 


The sand test is one that stops many of the 
world's best weapons, yet the Colt AR-15 has gone 
through the most severe of these tests without mal- 

| function. 


) None of the various adverse condition tests іп- 
cluding sand have left any ill effects on this weapon. 
Performance in mud is probably the most difficult of 
all adverse conditions, the close fitting dust cover 
makes it possible for the Colt AR-15 to out perform 
all other automatic weapons in this test. 


| Ап occasional simple cleaning will keep the wea- 
| pon functioning indefinitely. Working parts can be 
cleaned by wiping with a cloth. The simplicity of 
field cleaning makes it possible to quickly and easily 
| train a recruit in minimum time. 
During 1963 and the first two or three months of 1964, Colt's 


Inc. packaged a contractor's operation manual with rifles issued 


48 In March 1968, the Department of the Army dispatched a mes- 
sage to all commands, stating that the Colt publication was not au- 
thorized for military use and that copies on hand would be destroyed. 
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te the Air Force. This manual was published in June 1962 in 

10,000 copies but was not packaged with the subsequent Army pur- 
chases (November 1963 and later); a few copies were sent to the 
Test and Evaluation Command. At the request of the Army, Colt's 
had actually prepared for the issue of this manual with the first 
Army purchase of 85,000 rifles, but the Army told Colt's that it 
had developed its own manual and asked Colt's not to issue the con- 
tractor manual. The contractor's operation manual contained state- 
ments similar to those quoted above from the armorer's kit manual. 


Colt's also developed sometime during 1963 or 1964 a contrac- 


| 

| 

| | tor's sales brochure, containing statements similar to those quoted 

| above. According to Colt's, this brochure was not distributed to 

| the Army. Colt's Inc. has stated that it never received a request 
from the Army to package any sort of training or equipment liter- 
ature in connection with the M16 rifle. Colt's did package, how- 
ever, at the request of the Army, approximately 19,000 technical 


manuals with the ХМ148 grenade launchers that were shipped to 


Vietnam. The manual for the ХМ148 grenade launcher is also the 


1966.59 / 


49 During the course of this review of the M16 rifle program 
evidence of distribution of Colt manuals was found in a report of а 
visit to Fort Lee, and in the report of the OSD Field Survey in 
Vietnam. Although there were undoubtedly some manuals which found 
their way into the Army during the first rifle distributions, whole - | 
sale distribution of Colt manuals cannot be documented. Available i 


| manual for the M16 rifle. These manuals were shipped in October 
| 

| 

( evidence indicates that the contrary was true. 
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USAMC is charged with the maintenance support of the М16 rifle 
and is responsible for “insuring that operators' manuals are pack- 
aged with and accompany the equipment when issued to the user" and 
for "insuring that organizational maintenance manuals are issued 
prior to, or concurrently with, equipment delivery. / Hovever, 

a letter from USAWECOM to the USACDC Maintenance Agency in August 
1967 pointed out that USAWECOM, in its interpretation of the reg- 
ulations, had developed a policy which did not provide for an op- 
erators' manual to be packaged with the small arms family of wea- 
pons such as the M16, M14, and МІ rifle, the М1911А1 pistol, and 
the caliber .38 revolver.  USAWECOM stated its reasons for adopting 
this policy and requested that the USACDC Maintenance Agency review 
the policy as follows: 

The requirement for a -10 manual as a Basic Issue 

Item imposes the responsibility on the individual sol- 

dier to have a manual available at all times, and pre- 

sentable for all inspections. It should be noted that 

any commander may provide a manual for each soldier by 

proper utilization of the pinpoint distribution system. 

Using troops have not indicated a need for individual 

manuals as BILI by comment to the Headquarters. 

Based on questions posed by a project manager, the 
above stated policy is presently being reappraised. 

Your assistance therefore is requested, as the represen- 


tative of the user, to review the above stated policy, 
and inform this Headquarters whether the present policy 


30 These requirements are embodied in Change 4, 4 July 
1964, to AR 310-3, and are reiterated in AR 750-6, 21 August 1964. 
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should be retained, or a new policy adopted, which will 
establish the -10 (operators) manual as a Basic Issue 
Item for such items as rifles, pistols, and revolvers, 
and thereby require one copy of each to be packed with 
each individual weapon. 


The USACDC Maintenance Agency passed the action to the USACDC In- 
fantry Agency with the following comments: 


This agency recommends that the present policy be 
retained for the following reasons: 


It is felt that a policy requiring issue of an 
operator's manual with each weapon would increase the 
overall cost of each weapon by 10 to 20 percent. 


In most cases the soldier receives detailed train- 
ing on the operation, care, and cleaning of the weapon 
with which he is armed. This would also be true if the 
basic weapon of an entire unit were changed, In those 
few cases wher: a soldier may be issued a weapon, un- 
familiar to him, he has access to an operator's manual 
for that weapon through the unit armorer. 


„ LLLI mc imm 


The present policy for operator's manuals requires 
that the manual be stowed in or on the respective item 
of equipment, Of course, in the case of small arms 
this is impossible. The individual soldier would have 


to carry it on his person, which this agency feels 
would be an unnecessary harassment of the infantryman, 
| The Infantry Agency concurred апа USAWECOM was notified. There- 
| 
| fore, the provisions of AR 310-3 and AR 750-6 were not executed. 
No plans were made for substitute provisions that would have 
achieved the purpose of getting manuals to the troops without 
` putting one in the hands of each soldier. Apparently, DA DCSLOG 
| 1 
|| РЦ was not informed of the USAWECOM interpretation and thus was not | 3 
| 25. | 
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| 
given the opportunity to rule on the matter, change the Army reg- 
ulation, or do whatever was necessary to get maintenance doctrine 
to the troops in manual or other form without undue expense to the 
Army and inconvenience to the soldier. 

As early as April 1963, USAIS had begun to gather data for 
the development of training literature, resident instruction and 
marksmanship courses for the Ml6 rifle. At that time, a repre- 

| sentative of the Small Arms Committee of USAIS visited Aberdeen 


Proving Ground and concluded that the "AR15 will fit into the 


present marksmanship training course for the Ml and M14 rifles." 
The U.S. Air Force published on 30 August 1963 Air Force 
| Manual (AFM) 50-12. This manual included descriptive dace and in- 
| formation оп cperations, functioning, care and cleaning, assembly 


| and disassembly, stoppages and immediate action, and sight and ad- 


| erator use. To а certain extent, it continued the theme of easy 


| 
| justment. The manual discussed these subjects adequately for op- x 
| maintenance with these statements: x 


The extensive use of light, corrosion resistant 
alloys and plastics reduces weight and minimizes 4 
cleaning, lubrication, and maintenance requirements, 


The ejection port cover and receiver completely 
enclose the bolt, giving maximum protection against 
sand and dirt which could cause malfunctions and ex- 
cessive wear. 

All of these features permit this weapon to func- 

£ tion under all climatic conditions, 
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Moreover, the manual neglected to list the malfunction "failure 
to extract," although it did list seven other malfunctions, AFM 
50-12 also cautioned the operator to wait five веси before ар- 
plying immediate action to a stoppage. 

The Air Force published on 31 August 1963 (one day after 
AFM 50-12) a technical manual (order) TO 11W3-5-5-1. This manual 
included much of the material contained in AFM 50-12, hut it was 
in greater detail and included such subjects as repair operations, 
inspection procedures, detailed disassembly, tools and replace- 
ment parts, and maintenance levels and allowances, TO 11W3-5-5-1 
was based to some degree on Colt's contractor's operation manual, 

Army efforts at publishing the first two basic M16 rifle 
documents, a training document and a technical document, were 


being accomplished by USAIS and USAWECOM, respectively, in October 


1963. In November 1963, the DA project officer noticed differences 


l 
4 


between information contained in the draft training circular and 


the draft technical manual. Consequently, representatives from 


USAIS and ''SAWECOM conferred from 24 to 27 November 1963 to re- 
Solve these differences. At this time it was agreed that any ad- 
ditional information on the weapon would be sent to USAIS by 
` USAWECOM. 
The first Army training publication on the M16 rifle was 


Training Circular 23-8, dated 13 April 1964, and titled "Rifle, 
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` The manual authorized the use of various lubricants and grease, 


5.56шт, M16." This circular provided inte; im guidance (until a 
field manual could be produced) for giving instruction on the 
rifle 5.56mm M16. The circular was written by USAIS which has the 
responsibility for preparing training literature in support of 
small arms. In this circular, as in all Army manuals, 18 a state- 
ment that users are encouraged to submit changes or comments to 
the appropriate addressee, in this case, Commandant, 08А15, The 
circular included information on rifle characteristics, disas- 
embly, assembly, operation and functioning, and preparatory marks- 
manship training, Although the Air Force manual and the technical 
order had care and cleaning instructions in it, the Army circular 
contained only this statement on care and cleaning: "The rifle- 
man will use care and cleaning procedures standard to 211 small 
arms, See FM 23-8 for details of care and cleaning." 

ЕМ 23-8 is the field manual for the M14 rifle; the version 
being used in 1964 had been published in 1959. Although this 
manual described some cleaning techniques applicable to the M16 


rifle, it also described some procedures which have never been 


authorized for the M16. For example, the manual declares, "Hot, 


воару water or plain hot water is a substitute for bore cleaner." 


and established SAE 10 engine oil or castor oil as a field expedi- 


ent under combat conditions. Disassembly of the magazine and 
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removal of the extractor from the bolt were not discussed in Train- 
ing Circular 23-8. Disassembly of the lower receiver group by the 
soldier was authorized, although the Air Force manual did not pro- 
vide the same authorization for the airman, The circular contained 
the definition of a stoppage but offered no description of the 

types of stoppages (or malfunctions), probable causes, and remedies, 
although this information was available in the Air Force manual and 
the technical order, The user was cautioned to wait five seconds 


before applying immediate action to a stoppage. Ammunition саге 


| 
| was not discussed nor were there any preventive maintenance in- 
structions in the circular. Semiautomatic and automatic courses 
| of fire were prescribed by referring to FM 23-71, "Rifle Marks- 
| manship." This was а logical and feasible course of action to 
adopt for М16 rifle marksmanship. 
The first Army equipment publication on the M16 rifle was 
ТМ 9-1005-249-14, put lished jointly by the Army, Navy, and Air 


Force on 15 June 1964, two months after Army Training Circular 


23-8. In the U.S. Air Force, it replaced TO 11М3-5-5-1, Distrib- 


aspects of operation and maintenance of the M16 and covered pre- 


| I uted throughout the Army, it provided detailed instructions on all 
| ventive maintenance checks and services. It did not authorize the 


user to disassemble the magazine or to remove the extractor. It 
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! 
did authorize disassembly of the lower receiver group. It treated 
malfunctions (trouble-shooting procedures) but did not mention 
failure to extract. The manual cautioned the operator to wait 10 
seconds before applying immediate action, Ammunition care was ex- 
plained, and the care and cleaning of the rifle and ammunition 
were discussed in detail, Five changes have been published to 
ТМ 9-1005-249-14, Change 3, dated 1 May 1965, was significant be- 
| cause it canceled authority for the user or the armorer to 418а8- 
| semble the lower receiver group. This authority was provided at 
field maintenance 1еуе1.54/ The change was also significant be- 
| cause it provided more detail on care and cleaning. Previously, 
! the manual had cautioned, "Lower receiver parts should not be re- 
moved except for dirty condition which may cause malfunction." 
FM 23-9 was published 25 January 1965 and superseded TC 23-8, 
This manual contained material on disassembly, assembly, operation, 
functioning, and care and cleaning, and some preparatory marks- 


manship instructions, Care and cleaning instructions were very 


inition of the term stoppage, reduction of stoppages was not dis- 


— 


| similar to those contained in ТМ 9-1005-249-14. Other than а def- 
| 
1 
| 


51 These lower receiver parts are the hammer, hammer pin, sear | 
pin, sear, selector lever, trigger spring, disconnect, and 418соп- 
nect spring. 
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applied and went оп to explain how, Magazine disassembly and саге 
were not explained, nor was ammunition care or preventive main- 
tenance. Previous instructions іп TC 23-8 to wait five seconds 
were not repeated. Courses of fire for the M16 rifle remained 
unchanged. FM 23-9 continued to authorize the rifleman to 918- 
assemble the lower receiver group. 
In May 1965, Change 3 to TM 9-1005-249-14 canceled authority 
to disassemble the lower receiver group. FM 23-9 was not changed. 
Therefore, from 1 Мау 1965 until 12 July 1966, when the "new" 
field manual 23-9 was published, conflicting instructions were 
contained in the field manual and the technical manual about the 
parts authorized for disassembly by the user. It is significant 
| that the report of the Office of the Secretary of Defense field 
| survey in Vietnam stated: "In addition, we find that armorers and 
small arms repairmen almost universally reported that some indivi- 
duals armed with the М16 rifle were performing unauthorized 418- 
assembly during which they lost or damaged or improperly assembled 
parts. This is particularly applicable to the lower receiver as- i 
sembly," | 
The magazine, P.S. (Preventive Service) Monthly, is given 
` initial distribution by the as-need-by-user pinpoint method, and 
initial distribution is currently about 181,000 copies. Р,5. 4 


Monthly Number 150, May 1965 was the first issue to contain 
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information on the M16 rifle. Altogether, nine issues of Р,5, 

Monthly have contained information on M16 rifle supply and main- 

tenance matters. These magazines are available in the files of 

the rifle review panel, P.S. Monthly is a valuable periodical if 

used, because changes in maintenance and supply matters normally 

appear in the magazine long before the field or technical manual 

is changed. 

On 14 January 1966, USCONARC asked DA to program and produce 

two graphic training aids (GTA) for mechanical training with the 
M16 rifle. This request was an immediate reaction to the DA mes- 
sage of 12 January 1966, which had asked CONARC to develop a 

| training plan — a message that had stemmed in turn from the 31 


December 1965 USARPAC message requesting M16 rifle training. 


These Army training aids were to become GTA 7-1-14 and GTA 9-6-34.52/ 


Training Film (TF) 9-3663, titled "Rifle, 5.56mm, ХМ16Е1 — 


Operation and Cycle of Functioning," was initially distributed in 
May 1966 to all Army audio vísual support centers in CONUS and 
overseas; 210 prints were sent out, 12 of which went to Vietnam. 


This film describes characteristics of the weapon, loading, firing, 
and unloading, and gives a detailed explanation of functioning. 


52 See pages 3-141 and 3-143. 
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It does not, however, contain material on other parts of mechan- 
ical training, for example, care and cleaning, assembly and dis- 
assembly, magazine and ammunition maintenance, and lubrication, 
Although complete statistics on the use of the film are not avail- 
able, for the six-month period ending 31 March 1967, 1,051 show- 
ings were conducted by the Army all over the world. USARV reported 
to the Army Pictorial Center that in the six-month period ending 
29 September 1967, the training film had been shown a total of 29 
times (using seven copies), Although the film had been in the 
USCONARC FY 1965 training film program, production was delayed be- 
cause DA challenged the need for the film. The script was ap- 


proved 4 August 1965, some subsequent changes were made, and final 


approval was granted by DA in February 1966. 


, 


FM 23-9, dated 25 January 1965, was superseded by FM 23-9, 
dated 12 July 1966. This manual provided expanded instructions 
in mechanical training, marksmanship training, sight adjustment, 
and battlesight zero. Initial distribution, made in August 1966, 
consisted of 15,800 copies and was based on a formula tailored by 
the USAIS to insure that the manual was mailed to units equipped 
with the М16 rifle. From August 1966 to February 1968, approxi- 
` mately 41,500 additional copies have been sent out as a result of 
requisitions submitted by units. In response to an urgent request 


from the lst Marine Division to the Army, 500 copies were also 
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mailed to that division on 10 November 1966, This issue of FM 
23-9 has had one change. Initial distribution of 29,000 copies 

of Change 1 was made in January 1968 by the pinpoint method. The 
July 1966 edition of the manual contained more detailed instructions 
on weapon care and cleaning than were contained in the January 1965 
field manual. Also, ammunition care was explained and immediate 
action was described in more detail. No information on how to re- 
duce stoppages and malfunctions was included, nor were any instruc- 
tions given on disassembly and maintenance of the magazine. Pre- 
ventive maintenance checks and services were discussed, and in- 
structions in preparatory marksmanship training and battlesight 


zeroing procedures were expanded. Disassembly of the lower re- 


ceiver group was no longer authorized. 
| ТМ 9-1005-249-14, dated 15 June 1964, with its five changes 
was superseded by ТМ 9-1005-249-14, dated 1 August 1966. This 
| manual was published less than one month after FM 23-9 and was 


given initial distribution of 6,017 copies during October 1966. 


On 13 October 1966, an additional 500 copies were sent to the 70186 


Maintenance Battalion, lst Infantry Division, in Vietnam at the | 


request of that unit. Also in October 1966, 19,236 copies were 
` gent to Colt's Inc. for packaging with XM148 grenade launchers 


en route to Vietnam. On 17 November 1966, 500 copies were sent 
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to Fort Riley, Kansas, in response to an emergency тесікке, 23/ 
All together, 25,000 copies of the manual have been distributed. 
Thís figure includes initial distribution but does not include the 
19,236 sent to Colt's for packaging with the XM148 grenade launcher. 
This manual was the first publication to illustrate and discuss the 
use of the chamber brush and to explain the procedures for clean- 
ing the chamber; it also authorized removal of the extractor from 
the bolt by the user ,24/ The manual retained the precaution of 
waiting 10 seconds before application of immediate action, even 
though the field manual which had been published the month before 
had deleted thís precaution,29/ Care and cleaning procedures were 
further elaborated from instructions contained in líterature pre- 
viously published and those procedures closely approximate cur- 
rently prescribed care and leaning procedures. Preventive main- 


tenance checks and services were included. Trouble-shooting 


53 It is assumed that these were for the 9th Infantry Division, 


54 А recommendation to allow the user to remove the extractor 
had been made by the 82d Airborne Division representative to repre- 
sentatives of Springfield Armory and the Weapons Command 31 August 
1965 at a meeting, the purpose of which was to discuss improvements 
in the design of the M16 rifle sighting system, 


55 The conflict between the FM and TM was resolved by Head- 
quarters, USCONARC, and Headquarters, USAMC October 1967; however, 


a conflict in literature will remain until publication of Change 5 
to the ТМ, 
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information was set forth but nothing was said about failure to 
extract. The soldier was still not authorized to disassemble the 
magazine. 

Four changes to ТМ 9-1005-249-14 have been distributed and a 
fifth change is being prepared. Change 2, 1 August 1967, is sig- 
nificant because it (1) pictured the new cleaning rod with folding 
haadle; (2) required the use of LSA MIL-L-46000A as the lubricant 
for the М16 rifle; and (3) explained the danger of water in the 
barrel and procedures for draining the water. This last informa- 
tion had been disseminated first within CONUS by message on Jan- 
uary 1967; the danger of water in the barrel was recognized in 
1958 during rifle tests conducted by the United States Army In- 
fantry Board, Change 2 is not clear as to whether or not the user 
may disassemble the magazine. 

GTA 7-1-14, dated September 1966, was initially distributed 
to the Army in November 1966; a total of 1,555 copies were dis- 
tributed, 40 copies going to Vietnam. This graphic aid consisted 
of a series of illustrated charts showing the disassembly of the 
rifle. The charts also described immediate action procedures and 


offered a few care and cleaning instructions, The training aid 


“was originally developed and distributed in the form of VU-graph 


transparancies in February 1966. 


USARV produced and distributed Combat Lessons Bulletin 9, 
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dated 28 October 1966, This bulletin itemized and discussed the 
seven points below in connection with the М16 rifle and was а 
direct outcome of the investigation by USAWECOM weapons special- 
ists which, in turn, was a result of reports of numerous malfunc- 
tions of the M16 rifle in Vietnam. 

1. Soldiers were not using proper cleaning and lubrication 
techniques. 

2. Some weapons had worn parts. 

3. Magazines and ammunition were not being kept clean. 


4, Users were inserting more than 20 rounds into the maga- 


5. The chamber of the rifle required a distinctly — 
cleaning technique. 

6. None of the combat units visited had received the new, 
smaller cleaning patch. 

7. The 18: Cavalry Division was using a traveling "weapons 
clinic". 
Combat Lessons Bulletin 9 was distributed to company level during 
the first week of November 1966. The III Marine Amphibious Force 
(MAF) was furnished 20 copies. 

USARV made an initial distribution of USARV Pamphlet 750-5 


in the amount of 72,600 copies on approximately 23 January 1967. 
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Of these, 2,000 went to III MAF in accordance with a request of 
27 October 1966. An additional 91,035 were distributed approxi- 
mately 16 Мау 1967. Of these, 5,000 copies were for III MAF. 
This pamphlet was іп the format of a P.S, Monthly and contained 
valid and helpful care and cleaning information from previous is- 
sues of Р,5, Monthly. 

GTA 9-6-34, dated February 1967 was initially distributed 
Army-wide in June 1967 in the amount of 2,004 copies; 40 copies 
were sent to Vietnam. This aid consists of a series of charts 
which are used to teach the nomenclature of rifle parts, and to 
teach functioning (cycle of operation). It was originally de- 
veloped and distributed in the form of VU-graph transparancies in 
February 1966. 

USCONARC was also aware of the problems encountered in Vietnam 
with the rifle, primarily through a visit to Headquarters, USCONARC, 
by a representative of the Project Manager, Rifles, and through in- 
formation provided USCONARC by DA.  USCONARC, therefore, believed 
that a requirement existed for a training film on the proper care 
and cleaning of the M16 rifle. Оп 8 February 1967, USCONARC recom- 


mended to DA that such a film "is an urgent requirement and should 


` be completed within a maximum of 90 days." Тһе USCONARC letter 


stated, “A thorough investigation by 0.5, Army Materiel Command | | 


weapons specialists in Vietnam after reports of numerous 


3-143 


FOR OFFICIAL USE ONLY 


malfunctions of the ХМ-16Е1 rifle indicates that additional train- 


ing and supervision of care, cleaning, and lubrication of the wea- 


pon, particularly at company, platoon, and squad level, is required." 


USCONARC was also influenced by USARV Combat Lessons Bulletin 9, 
The "picture plan" developed by USCONARC was to illustrate and 
point out lessons learned in Vietnam , . . . The major teaching 
points of the film were to be these same points contained in Com- 
bat Lessons Bulletin 9. The film was to be shown in conjunction 
with TF 9-3663 (cycle of operation) to units and individuals prior 
to deployment to Vietnam. 

The script was reviewed and approved by DA on 29 September. 
It was decided that a second care and cleaning training film would 
be produced; emphasis was to be placed on field expedients. This 
second film was to be produced in 60 days from 29 September. The 
script on field expedients was approved 15 November 1967. The 
first training film was approved on 27 November 1967 and released 
January 1968. Part II, field expedients, was approved by DA 31 
January 1968 and the Army Pictorial Center was requested by DA to 
expedite printing and distribution of the film, The film was re- 
leased in March 1968. 

Іп May 1967, DA reviewed a number of documert s in an attempt 
to clarífy instructions issued on the lubrication of the м16. It 


was discovered that four documents contained either conflicting 
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instructions ог errors of omission, а USAMC letter of April 1967, 
ТМ 9-1005-249-14, and articles from two issues of Р,5, Monthly. 
DA directed USAMC to take certain corrective action to include the 
change to LSA MIL-L-46000A as the standard lubricant for use on 
М16 rifles. 

"M16 Rifle Tips," a wallet-size card, was prepared and dis- 
tributed by USARV beginning 28 June 1967. It contains user main- 
tenance tips that were compiled as a result of extensive inter- 
views with combat veterans departing Vietnam, This card is dis- 
tributed by the replacement center to every individual soldier 
upon his arrival in Vietnam. It is not a complete description of 
care and cleaning procedures. This card states: "Clean your rifle 
every chance you get, 3-5 times a day will not be too often in some 
cases. An identical statement appeared in P. 8. Monthly Number 181. 

GTA 21-1-3, April 1967, was a wallet-size card, printed front 
and back with M16 rifle maintenance instructions, and was dis- 
tributed in July 1967. Because it contained incorrect lubrication 
instructions, a corrected copy dated August 1967 was issued in 
October 1967. This card had been requested by USCONARC as a re- 


sult of the visit by the USAWECOM representative, Each company 


' size unit in Vietnam having an account with the AG Publications 


Center in Baltimore was mailed 150 copies of the April card and 


the August card. In addition, 20,000 copies were provided to 0.8. 
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Army, Japan for distribution to units in Vietnam upon their ге- 
quest. This card contains excellent cleaning and lubrication in- 
structions although it is not all-inclusive. The card also con- 
tains the statement, "Under bad weather or operational conditions 
certain key parts of your rifle and the ammunition may actually 
need care and cleaning several times a дау", 

USARV distributed in November 1967 a second wallet-size card, 
titled "M16 PM Indicators", This card was designed as a guide for 
officers and NCO's in inspecting the M16 rifle. It was distributed 


down to and including the squad leaders. 


| 

| 

| 

| USARV made the first distribution of USARV Pamphlet 750-30 in 

November 1967. Initial distribution, made on the basis of one to 

| each soldier, was in 225,000 copies and included troops of New 
Zealand, Australia, and the Philippines, Subsequent distribution 
was scheduled to be 250,000 copies of the English version and ad- 


| ditional copies in Vietnamese, Thai, and Korean. This pamphlet 
| was in the format of P.S. Monthly magazine and contained the most 


thorough, accurate, and detailed instructions on care and cleaning 


date of USARV Pamphlet 750-5 and contained many techniques which 


| | which had been printed up to that time. Тһе pamphlet was ап ир- 
| | 
| had been published in previous issues of P.S. Monthly magazine; 


accompanying photographs to illustrate the written test made the 


d ла 1 ااا‎ a 


" pamphlet easy to read and understand. Preventive maintenance of 
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the rifle, the magazine, and the ammunition were included in this 
document, The DA M16 Rifle Review Panel, during its survey in 
Vietnam, January-February 1968, found this pamphlet at the division 
replacement training centers. 

Training Film 21-3907 titled "Rifle М16А1 Care, Cleaning, and 
Lubrication, Part I", was first distributed in 250 prints to all 
audio visual support centers Army-wide in January 1968; 12 prints 
went to Vietnam. This film is a thorough and detailed demonstra- 
tion of care and cleaning of the M16 rifle. It also explains the 
most important aspects of care and cleaning so that the rifle can 
still be maintained even though time and the situation temporarily 
prevent a thorough and detailed cleaning. A second film, TF21- 
3908, on care and cleaning was distributed in March 1968, The 
basic title was the += е, but to it was added "Part II Expedients", 
This film explained care 1.1 cleaning procedures to be followed 
under the worst combat and environmental conditions, 

Change 1 to FM 23-9 was first distributed in February 1968 in 
29,000 copies, This change authorized and described the removal 
of the extractor for cleaning, although there is no accompanying 


photograph. It also discussed disassembly and care of the magazine, 


contained detailed rifle maintenance instructions, and provided а 


troubleshooting guide to stoppages and. their remedies, The change 


explained the problem of water in the barrel and cautioned against 
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| firing excessive amounts of tracer ammunition. No instructions 
were given for cleaning the barrel locking lugs. The change in- 
cluded this statement, 
Under bad weather conditions certain key parts of 
the rifle and ammunition may need care and clean- 
ing several times a day. 
There have been a number of miscellaneous publications and 
| some material directed wholly or in part to M16 rifle training, 
н supply, and maintenance. For example, armed forces radio announce- 
| ments are made in Vietnam on some aspects of M16 rifle maintenance, 
often by famous personalities of the entertainment world, Many 
posters on M16 rifle maintenance have been distributed in Vietnam, 
! USARV headquarters periodically publishes a USARV maintenance in- 
| formation summary sheet that is distributed to include сошрапу 
level. Units themselves write local regulations, SOP's, and main- 
tenance procedures such as the monthly maintenance letter pub- 
lished by the direct support maintenance battalion of the lst Cav- 
alry Division, and М16 rifle maintenance tips for inspectors рго- 
duced at the U.S. Army Armor School. 
At least six television tapes have been locally produced by 
| Schools within the USCONARC television netwo:k, Four tapes were 
s ` produced by the Quartermaster School during 1966 to aid іп armorer 


| instruction. The Special Warfare School produced а TV tape in 


1965, covering most of the subjects inherent to mechanical training. 
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` cations with existing related publications to eliminate conflicting 


The Infantry School made a tape in 1964 which consisted of a dem- 
onstration of the rifle's hitting power and effectiveness, 
The Blank Firing Adapter (BFA) 

The history of the blank firing adapter began on 5 December 
1963 when the Infantry School informed USCONARC that a training 
requirement existed for the BFA, The Remington BFA was developed 
although an Enfield model BFA was also tested by USAWECOM at the 
request of the Commandant, USAIS. USAWECOM found that the Enfield 
device was superior to the Remington model but evidently the Pro- 
ject Manager, Rifles was not convinced of the validity of the test 
of the two BFA's. This doubt, and the delay in negotiating an in- 
ternational agreement and procuring the BFA, caused the Project 
Manager, Rifles to continue development of the Remington Model BFA 
An audit trail of the development of the BFA is available ín the 
files of the rifle review panel. 
Coordination and Distribution of Publications 

Coordination of publications with "all interested agencies" 
is required by AR 310-3 and is accomplished by the agency which has 
the responsibility for the preparation of the publication. This 


agency is also responsible for the correlation of proposed publi- 


instructions by simultaneous preparation of recommended changes to 


material affected by the proposed publication. 1 
4 
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AMC Regulation 310-28, dated 27 September 1967, supplements 
AR 310-3 and prescribes policy and responsibilities for the coor- 
dination of proposed equipment publications. / This regulation 
requires USAMC agencies to provide a minimum of 30 days to Army 
user elements to review all equipment publication manuscripts and 
provide comments. The 30-day minimum applies to accelerated de- 
velopment cycle items. Included in the regulation are formulas 
for distribution depending on subject material, and user elements 
address list for USCONARC and USACDC. 

USCONARC Regulation 310-3, dated 4 February 1963, supplements 
AR 310-3 and establishes policies and procedures for the prepara- 
tion, processing, and approval of Department of the Army official 
training literature. The USCONARC regulation states, 

Coordination and review of manuscripts will be 
in accordance with AR 310-3, except that USCONARC 
will review selected initial manuscripts. 

The USAMC regulation provides detailed instructions as to 
"what" will be coordinated with "whom". The USCONARC regulation 
does not do these two things. For example, the USAMC regulation 
requires that small arms equipment publication manuscripts be for- 
warded to USAIS, among other agencies, for review. The USCONARC 
regulation, however, does not specifically require USAIS to co- 
ordinate the publication of a field manual on small arms with 
USAMEC OI. 


| 56 Apparently there was по AMC regulation prior to September 1967. | 
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On 8 December 1964, USAIS forwarded the draft manuscript of 
FM 23-9 to The Adjutant General, DA. Draft manuscripts are ac- 
companied by a DA Form 260, which contains certain administrative 
instructions including "Concurrences", The Form 260 contained the 
statement, "The draft manuscript was not reviewed by other agencies", 
and, in the block for concurrences is typed, "Considered unneces- 
sary". This field manual superseded TC 23-8 and was the second 
training publication printed and distributed without troubleshoot- 
ing instructions although these instructions were contained in the 
ТМ published in June 1964, 

Again, in June 1966, the Form 260 which accompanied the ге- 


vised FM 23-9 draft manuscript showed under concurrences, "Con- 


sidered unnecessary". This was the third training document pub- 


D 


lished without troubleshooting information. 
The Form 260 for publication of the August 1966 edition of the 
| technical manual shows по entry of any kind in the concurrences 
block, It cautioned the operator to wait 10 seconds before apply- | 
ing immediate action, although the July 1966 edition of the field 
| manual, published one month before, had deleted the waiting period. 
The preparation, coordination, approval, and distribution of | 
` military publications are regulated by AR 310-1 with Changes 1-9 
and AR 310-3 with Changes 1-8. Until the pinpoint method of initial 


distribution was installed, a distribution formula was entered on 
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training literature and equipment publications. In every case, 
M16 rifle training literature and equipment publications contained 
an initial distribution formula down to and including company level, 
beginning in April 1964, when the first Army publication on the M16 
was released. Automatic initial distribution of the publications 
was made to every company size unit whether it needed the publica- 
tions or not. Material is distributed through the United States 
Postal Service. The Publications Center has never been without a 
supply of M16 rifle training publications, 

In February 1966, for the first time, distribution of small 


arms equipment publications came under the pinpoint method of dis- 


RR E ы 


tribution, Thus, TM 9-1005-249-14, dated 1 August 1966, was dis- 


! 


tributed using this method, Doctrinal and training publications 
were integrated into the new system later in 1966, and periodicals 
such as the Р,5, Monthly magazine also came under it in 1964, 

The pinpoint method is based on the initial distribution of 
publications on an as-needed-by-the-user basis. It is a worldwide 
| method for initial distribution and resupply of publications direct 

to organizations and units from a CONUS AG publications center. 

Units of the active Army down to and including company and detach- 
` ment level establish publications accounts. Thereafter, initial 

distribution is automatic in the number of copies which the indi- 


vidual unit has specified. 
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Subsequent distribution is made whenever a requisition from 
a unit is received. The DA Adjutant General has no formal estab- 
lished system to check the current effectiveness of publications 
distribution. Spot checks should be sufficient if conducted on a 
regular basis and in enough detail to insure that the distribution 


and "subscription" systems are working. 


} 
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E. The New Equipment Training Program 
The decision to procure М16 rifles during FY 1964 for Army use 
was made 13 February 1963, On 6 March 1963, the Commanding General, 
0,5. Army Materiel Command, appointed a project manager. Оп 24 April 
1963, the Project Manager informed the Personnel and Training 
Directorate of USAWECOM that New Equipment Training (NET) would begin 
| about October 1963, and recommended that funding and other appro- 
| priate actions be initiated. 
| New Equipment Training was in four phases. Phase I consisted 
of staff planners' orientation courses, which were not conducted 
because of the exception in method of development of the MMI“ El. 
Phase II training had two parts: Part 1, training for personnel 
| who would perform engineer and service tests (also not conducted 
for the reason aforementioned); and Part 2, training for key instruc- 
tors in the training base and in USAMC depots and for the key main- 
tenance technicians. Phase III, Part 1, was the publication and 
distribution of the New Material Introductory Letter, and Part 2 con-. 
Sisted of briefings for appropriate organizations by Materiel Intro- 
ductory Briefing Teams. Phase IV consisted of training of appropriate 
organizational personnel by New Equipment Training teams. 
By the end of May 1963, funds had been designated for NET and 
M16 rifles had been requested as an aid in the preparation of lesson 


Ч 
plans and programs of instruction. There was a delay of nine months, | | 
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from February to November 1963, between approval to purchase and 
award of the procurement contract. This delay caused slippage in the 
NET program. 

In December 1963, USAWECOM decided to explore the idea of 
utilizing Air Force experience with the M16 rifle. Specifically, 
USAWECOM requested USAMC to approve the proposal that the Air Force 
conduct Part 2 of Phase II, training for key instructor and maintenance . 
personnel. Lackland Air Force Base, San Antonio, Texas, had already 
conducted training for Air Force personnel and money and time would 
be saved by using the Air Force experience. USAMC gave its approval 
and secured Air Force approval of the proposal in December 1963. 


In February 1964, USAWECOM informed the Commodity Commands, 


USCONARC, USAMC, the Commandant, U.S. Marine Corps, and USACDC that 


NET courses оп the 5.56mm ХМ16Е1 rifle would start ас Lackland 
Military Training School approximately 6 April 1964. The purpose 
of this training as stated was "to train a minimum number of key 
instructor and/or maintenance personnel." The message asked for the 
number of men each command wished to send and gave the title, pur- | 
pose, scope, prerequisites, and length of each course. The following 

guidance was also given: "The weapon will be distributed to the 

Special Forces, the Air Assault Division and elements of the Airborne." 


The New Materiel Introductory Letter (Part 1, Phase III) was 
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dispatched оп 17 February 1964 to 08СОМАКС, Second and Third Armies, 

the llth, 82d, and 1015Е Divisions, United States Army Forces, 

Southern Command (USARSO), USAREUR, USARPAC, and others; United 

States Marine Corps was not included. The letter discussed a myriad 

of subjects dealing with the M16: descriptive data on the rifle, 

basis of issue, ammunition, capabilities, military desirability, 
transportability, logistic support, NET plans, and maintenance doctrine, 
It also furnished a series of weapons drawings. None of the subjects 
were discussed in detail. 

As a result of the February USAWECOM message announcing NET 
courses, four Army sergeants, staff sergeants and above, and eight 
civilians were sent to the courses at Lackland Air Force Base. Two 
sergeants came from the Ordnance School, one sergeant from the Infantry | 
School, and one from the Quartermaster School. Of the eight civilians 
who attended, four were from Fort Bragg, one was from Fort Campbell, 
one from Fort Benning, one from Springfield Armory, and one from USAWECOM, 

On 7 May 1964, USAWECOM proceeded with Part 2, Phase III, and 
with Phase IV by annoucing to USCONARC, USAREUR, USARSO, and USARPAC 
that their commands would be provided the following services: 

a. A New Materiel Introductory Briefing Team (NMIBT) 
concurrent with the delivery of the new ХМ16Е1 Rifle. 

This team will provide orientation briefings on the 

ХМ16Е1 to you and staff elements of your Command and 


where necessary, to staff elements of your subordinate 
Commands. 
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b. А New Materiel Training Team (NMIT). This team 

will be prepared to conduct operational, organizational 

and field maintenance training at central locations in 

your Command for a nucleus of key combat and combat- 

support personnel of units and activities which require 

this new knowledge. 
Both teams were to travel together to the command. The training 
team would remain in the command to give maintenance training to 
Selected key personnel,  USAWECOM requested the commands to specify 
their requirements for briefing teams and training teams so that 
USAWECOM could develop a training plan. USCONARC sent a similar 
message to Third Army, its units, and its installations. Third 
Army units and installations replied that they wanted both the 
briefing and the training teams and gave details; USAREUR and 
USARPAC also requested both teams; USARSO requested only the train- 
ing team. In June 1964, USARPAC sent a separate message: · Infor- 
mation received from area of operations in SE Asia states that: 
'No command and staff briefings and no lst through 4th echelon FM 
courses on subject weapons desired.' Personnel who will be issued 
this weapon and those concerned with its maintenance are qualified 
on the weapon "=! 


On 29 July 1964, USAWECOM informed CONARC that a tentative 


Schedule had been established for the teams to visit Fort Campbell, 


57 Msg, CINCUSARPAC to CGUSAWECOM, 4 Jun 64, sub: Rifle, 5.56mm 
ХМ16Е1, 
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Fort Bragg, and Fort Benning, and that because of briefing team 
schedule and commitments (this referred to visits to oversea Army 


commands), the earliest date the teams could visit USCONARC was 


10-25 Е 1964. USAWECOM, іп the same message, then questioned 
the need for NET with USCONARC at all.  USAWECOM cited five reasons 
for excluding NET from USCONARC: (1) shortage of training funds; 
(2) poor attendance of the instructor training course at Lackland 

| Air Force Base; (3) availability of USAWECOM maintenance specialists — 
One man was stationed at Fort Campbell, two men at Fort Bragg, and 
one at Fort Benning — who had attended the Lackland course and were 


capable of conducting instructor training, thereby precluding the need 


for NET teams; (4) "Тһе maintenance of the weapon is relatively simple 


| especially іп the organizational maintenance level"; and (5) the 
technical manual had been issued and the capability of providing 
training "may exist within other units."  USAWECOM concluded the 
message by requesting USCONARC to review its requirements, and "if 


a real requirement is found to exist, those requirements should be Е r 


refined. The number of attendees should be reduced to a minimum . . . 
On 4 August 1964, USCONARC asked Third Army to províde an 

answer to USAWECOM, Third Army replies on 14 August: "This com- 

mand has no requirement for subject team(s). Necessary orientation 


and training can be accomplished by resources available at those 


9 
“ 


4 омы. — аа 
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installations scheduled to receive ХМ16Е1." 

The briefing and training teams visited USAREUR in August 1964. 
The briefing, given by the Project Manager, encompassed the his- 
torical trend of rifle development, results of lethality tests 
using small caliber projectiles, characteristics of the M16, logis- 
tical considerations, information on cleaning materials, and some 
techniques to be used in employment of the rifle. The briefing 
contained these two statements: 

Tests have shown that the soldier can be trained 
with the XMI6El easier than with the current 7.62mm 
weapons. It is expected that the ХМ16Е1 will produce 
significantly more experts and significantly fewer un- 
qualified firers than with the currently standard rifle. 

The corrosion-resistant materials used in the ХМ16Е1 
require a minimum amount of care. Long parts life and 
functional reliability can be assured with routine care 
and wiping of parts with a light oil. 

On 31 August, USAWECOM offered USCONARC a briefing and demon- 
Stration package for presentation during October at Fort Benning, 
Fort Bragg, and Fort Campbell. These were offered "because of 
developments in the XMI6El program. These new innovations were: 

А two (2) shot burst control capability. 

A "piggy-back" ammunition magazine adaptation. 

А shortened version of the weapon weighing 5.1 
pounds, for use by tank crews and infantry crew served 


weapon team members. 


A single shot 40mm grenade launcher. 
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In September, USARSO informed USAWECOM that the training team 
was no longer desired, that field maintenance personnel had been 
trained by the USAWECOM maintenance specialist, and that "classes 
will be conducted in orsanizational maintenance upon arrival of 
weapon." 

USAWECOM conducted briefings for staffs of Fort Bragg and 
Fort Campbell during October, for Fort Benning (llth Air Assault 


Division) during November, and for USARPAC (Fort Shafter, Hawaii, 


and Okinawa) in December 1964. This concluded the NET program. 
Although not a part of the formal NET program, USAWECOM specialists 
provided valuable training, maintenance, and supply assistance to 


USCONARC, USARPAC, and USAREUR during 1966 and 1967. Many visits were 


made to individual units, installations, and training activities in 


CONUS; at least three trips were made to Vietnam. j 


1 
f 
H 
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Е. Conclusions 
1. There were по M16 rifle training programs for replacements 
assigned to Vietnam from March 1965 to July 1966 except programs 
for: 
а. New soldiers who volunteered for airborne infantry training 
during basic combat training and who attended infantry advanced indi- 
vidual training at Fort Gordon, Georgia. 


b. Beginning March 1966, new soldiers who were selected to be 


infantry replacements in Vietnam and who attended infantry advanced 


c. Armorers and small arms repairmen. 


individual training at Fort Polk. 
d. Infantry officers attending USAIS and infantry candidates 
! 


for Officer Candidate School. 


e. Military assistance training advisers and special warfare 
personnel attending the special warfare center. 
2. With the exception of the training program conducted in 


1964 by wackland Military Training School, which was attended by 12 у 


Amy representatives, there was по new equipment training program соп- 
3. Ml6 rifle training has not been provided to men transferring 
to Vietnam from Korea, Europe, or Alaska. А voluntary program exists 
in Panama. 4 


4. The distribution of rifles to training activities withi 


3-161 


FOR OFFICIAL USE ONLY 


— | z — — —ũ — — — 0 


П 


USCONARC during 1760 was not managed adequately to insure the 
optimum use of available rifles. 

5. The lack of a blank firing adapter during 1966 and 1967 
was & serious restriction to POM training, unit trainin Vietnam- 


oriented infantry AIT trainin rograms 


6. At least until November 1967, a significant nymber of men 
failed to receive tke required M16 POR training in CONUS because 


Management of PUR processing did not identify POR deficiencies satis- 
factorily and because port calls could not be postponed for the purpose 
of completing POR training. 

7. Rifle malfunctions in Vietnam were due at least in рак: to 


inadequate end insufficient CONUS training. 
8. Although COMUSMACV had orginally requested М16 rifles as 


early as July 1965 in his "shopping list,“ and although issue of M16 
rifles to Vietnam was being discussed at the Department of the Army 
between July and December 1965, the DA staff made no training plans 
nor did the staff request USCONARC to prepare plans. 

9. The initial 8-hour POR-POM training program recommended by 
USCONARC in January 1966 and approved by ПРА the same month was a product 


of Shortage of rifles, ammunition, training time d uncertainties 


_surrounding the issue of rifles to units to be deployed to Vietnam. 
10. The initial 8-hour program provided training for infantrymen 


and the armor intelligence specialist but did not provide training 
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for men in other MOS armed with М16 rifle. 

11. The initial 8-hour program did not reguire the soldier to 
gero his rifle or to fire the rifle in the automatic role, 

12. In October 1966, USARV decided that it did not desire 
expansion of M16 rifle training in CONUS to other MOS at the expense 
of diversion of rifles and ammunition from the theater, even though 
USARV was experiencing serious malfunctions with the rifle at that 
time, some of which were attributed to inadequate and insufficient 
training. 

13. POM training in the М16 rifle for deploying units consisted 
of а minimum of 8-hours, with the exception of at least two units 


who received less training; some units, notably the airborne, received 


more than 8-hours training. The units which received 8-hoyrs POM of 


training or less were inadequately trained. This was especially true 


in the lst Infantry Division, which received the rifle in Vietnam, 
and in the 196th Brigade, which was equipped in CONUS, 
14. USARV training directives were adeguate beginning in November 


1966, but the directives have not been followed in many cases. 
15. When DA announced in December 1966 that all units in Vietnam 


and not merely the combat maneuver battalions would be equipped with 


the ML6 rifle there were no plans at DA or USCONARC for a corresponding 


on o raining, nor 18 there evide 
о ers ас DA ог USCONARC even knew of the pl ое М . 
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16. The primary factor which hindered the expansion of М16 rifle 


POR training programs during 1967 was the lack of training time, 


especially for graduates of service schools and training centers. 


17. The 8-hour POR program directed in July 1967 was an improve- 


ment over the January 1966 program because it: 


Required the man to zero the rifle. 
Required the man to fire the rifle in the automatic role. 
Џ Increased the number of rounds fired by each man. 


Emphasized care and cleaning. 


18. The POR training programs of 8 and l6-hours are long enough 


to teach a man what he has to know but are not long enough to train 
him thoroughly through repeated practice in the mechanical and marks- 


manship skills of the М16А1 rifle. 


19. The M16 rifle training programs prescribed and conducted 
in Vietnam-oriented infantry AIT are adequate. 
20. The responsibility for POR training at DA and USCONARC hegad- 


guarters is still not defined. 


21. Although previous writings on M16 matters have concluded 
that misleading literature from Colt's Inc. caused troops to disregard 


maintenance of the rifle, such conclusions cannot be substantiated by 


| . the DA Rifle Review Panel. 


| 22. The training circular, field manual, and technical m 1 
contained contradictory statements and inadequate complete 
} 
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information. 

23. The training circular, field manual, and technical manual 
were inadequately coordinated and correlated by USAIS and USAWECOM 
during 1964, 1965, and 1966. 

24. The November 1967 USAMC directive relating to coordination 
of literature is adequate; the comparable USCONARC regulation is 


inadequate. 


25. USAWECOM's interpretation of one Army Regulation resulted 
in rifles being shipped to users without the technical manuals being 


packed with the rifles. 
26. The P.S. Monthly, if used, is a valuable periodical for 


keeping users informed of the latest supply and maintenance procedures. 


27. Evidence indicates that there is either a lack of knowledge 


of the pinpoint system of distribution or a lack of user follow up 


at unit level. 


the МІ6 rifle for which there was an urgent need. ^ 


28. It took 11 months to produce a film on care and cleaning of 
1 
29. Disassembly of the magazine by the user was not officially 


authorized until the publication of Change 1 to FM 23-9 in February 


1968. The March 1967 issue of P.S. Monthly explained the disassembly 


of the magazine. 
| | 30. Valuable maintenance and supply assistance was provided b 


USAWECOM to various organizations, installations, and training facilitiés 
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within USCONARC during 1966 and 1967; similar assistance was pro- 
vided to USARV, 

31. There are possible maintenance advantages to be gained from 
authorizing the armorer to disassemble the lower receiver group for 
the purpose of replac "g worn and broken parts. 

32. The establishment of centralized POR processing points within 
USCONARC has significantly reduced the number of men who leave CONUS 
without M16 rifle training. The granting of three additional days to 


complete POR training will assist in reducing this number still further, 


33. The Chief of Staff has already approved M16 rifle training 
x programs for all infantry AIT and for BCT, and the DA staff is 
1 
| 


studying а plan for oversea commands to provide М16 rifle POR training. 
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List of Training Literature and Related Training Material 


COLT AR-15 - Parts, Accessories, and 
Armorer's Kit 


COLT AR-15 - Contractor's Operation Manual 
COLT АК-15 - Military Rifle (Brochure) 


Air Force Manual 50-12 - Rifle, AR-15 
Cal. 5.56mm (.223) 


Technical Order 11W3-5-5-1 - Technical 
Manual - Operating, Maintenance and 
Repair with Replacement Parts, Rifle, 
5.56mm, M16 


Training Circular 23-8 - Rifle, 5.56mm, M16 


Technical Manual 9-1005-249-14 w/five 
changes Operating, Maintenance and 
Repair with Replacement Parts, Rifle, 
5. 56mm, M16 and Rifle, 5.56mm, ХМ16Е1 


FM 23-71 - Rifle Marksmanship 

Technical Manual 9-1005-249-14 w/five 
changes Operating, Maintenance and 
Repair with Replacement Parts, Rifle, 
5.56mm, M16 and Rifle, 5.56mm, ХМ16Е1 
Field Manual 23-9 - Rifle, 5.56mm, ХМ16Е1 


P.S. - The Preventive Maintenance Monthly - 
Issue 150 


Р.5. - The Preventive Maintenance Monthly - 
Issue 155 


‚ СТА 7-1-14 ~ VU-Graph Transparancies 


GTA 9-6-34 - VU-Graph Transparancies 


Training Film 9-3663, Rifle, 5.56mm, ХМ16Е1, 
Operation and Cycle of Functioning 
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February 1960 
1963 


1963 or 1964 


30 August 1963 


31 August 1963 


13 April 1964 


15 June 1964 


27 July 1964 


15 November 1964 


25 January 1965 


May 1965 


October 1965 ; 
February 1966 


February 1966 


May 1966 


FM 23-16 - Automatic Rifle Marksmanship 


Field Manual 23-9 w/one change - Rifle, 
5.56mm, ХМ16Е1 


Technical Manual 9-1005-249-14 with four 
changes Operation, Maintenance, Repair 
and Replacement Parts, Rifle, 5.56mm, 
M16; Rifle, 5.56mm, ХМ16Е!; end Launcher, 
Grenade, 40-mm, ХМ148 


Graphic Training Aid 7-1-14, Disassembly, 
immediate action, care and cleaning - 
charts 


Р.5. - The Preventive Maintenance 
Monthly - Issue 166 


P.S. = The Preventive Maintenance 
Monthly - Issue 167 


Combat Lessons Bulletin Number 9 
FM 23-71 - Rifle Marksmanship 


USARV Pamphlet Number 750-5 - 
Preventive Maíntenance 


Graphic Training Aid 9-6-34 - Nomen- 
clature and Functioning - charts 


P.S. - The Preventive Maintenance 
Monthly - Issue 172 


Graphic Training Aid 21-1-3 - M16 
Rifle Maintenance Card 


Р,5, - The Preventive Maintenance 
Monthly - Issue 174 


` M16 Rifle Tips (wallet size card) 


P.S. - The Preventive ilaintenance 
Monthly - Issue 176 
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23 June 1965 


12 July 1966 


1 August 1966 


September 1966 
September 1966 


October 1966 
28 October 1966 


8 December 1966 
14 December 1966 
February 1967 
March 1967 
April 1967 


May 1967 


June 1967 


July 1967 


Graphic Training Aid 21-1-3 - МІ6 Rifle 
Maintenance Card 


Training Circular 23-20 
Army Subject Schedule 23-20 


M16 Preventive Maintenance Indicators 
for Inspectors (pocket card) 


P.S. - The Preventive Maintenance 
Monthly - Issue 180 


USARV Pamphlet 750-30 - Preventive 
Maintenance - The М16А1 Rifle 


Р.5. - The Preventive Maintenance 
Monthly - Issue 181 


Training Film 21 ~ 3907, Rifle, М16А1, 
Care, Cleaning, and Lubrication - 
Part I 

Training Film 21-3908, Rifle, М16А1, 


Cate, Cleaning, and Lubrication - 
Part II, Field Expedients 
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August 1967 
August 1967 


August 1967 

November 1967 
November 1967 
November 1967 


December 1967 
January 1968 


March 1968 


СОРҮ 


DEPARTMENT OF THE ARMY 
HEADQUARTERS UNITED STATES CONTINENTAL ARMY COMMAND 
FORT MONROE, VIRGINIA 23351 
ATOPS-TNG-CA 13 March 1967 


SUBJECT: M16 Rifle Training 


TO: Commanding Generals, CONUSAMDW 


1. Reference. 


a. USCONARC message ATUTR-TNG (CA) 51841, DTG 0115452 


b. USCONARC message ATUTR-TNG (CA) 73580, DTG 3019102 
Dec 66. : 


2. The purpose of this letter is to establish the objective 
for M16 rifle marksmanship training. All replacements and members 
of units going to the Republic of Vietnam (RVN) must receive the 
most effective М16 rifle training which can be provided with ауа11- 
able resources. 


3. This headquarters has recently forwarded to Department of 
the Army a study on the adequacy of M16 rifle firing programs 
(inclosure). The introduction of the M16 rifle as a standard wea- 
pon requires special attention. 


а. Two standard rifles in the force structure require 
development of proficiency with both rifles for selected personnel 
and units. 


b. All M16 rifles have an automatic fire capability which 
. requires an approach different from that with the M14 rifle. 


c. Mechanical training, particularly care and cleaning, 
on the №16 rifle requires cetailed practical training. 
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4. The objective for M16 rifle marksmanship training is as 
Stated in paragraph 5 (RECOMMENDATIONS) of inclosed study. Request 
an analysis be made of the capability to attain thís objective. 


5. Guidance for the above analysis follows: 


а. The analysis will consider personnel from training 
centers alerted for RVN, individuals alerted for RVN, units pro- 
grammed for deployment to RVN, and units equipped with the М16 
rifle. 


b. Assume, for the purpose of analysis only, that suffi- 
cient M16 rifles and ammunition will be available. 


с, Department of the Army policy requires AIT graduates 

to be ready for shipment upon graduation date, to include completion 
of required POR processing and orientation training for the person- 
nel being assigned Vietnam. All available time should be utilized 
in order to prepare trainees on oversea orders for shipmert. Port 
call availability dates for personnel being assigned tu Vietnam are 
established by Department of the Army based on graduation date plus 
fourteen days for authorized leave. 


d. Include in conclusions regarding paragraph 4 above: 


(1) Extent to which objective can be attained within 
existing resources and time available. 


(2) Requirements for support of a program that will 
attain objective. 


(3) Recommendations for phased modification of ex- 
isting M16 rifle marksmanship programs leading to full attainment 
of objective. In this connection, particuler attention is invited 
to the differences in current programs of firing. 


6. Request analysis be submitted to reach this headquarters 
by 1 May 1967. (Exempt report, subpara. 39c and y, AR 335-15.) 


FOR THE COMMANDER: 


/s/ 
1 Incl SIDNEY GRITZ 
as Colonel, AGC 


Adjutant General 
Copies furnished: 
ACSFOR, DA 
DCSPER, DA 
Comdt, USAIS 
CO, CDC Inf Agency 


copy 


DEPARTMENT OF THE ARMY 
HEADQUARTERS UNITED STATES ARMY INFANTRY SCHOOL 
OFFICE OF THE COMMANDANT 
FORT BENNING, GEORGIA 31905 


AJTIIS -W 31 Aug 1966 


SUBJECT: Blank Firing Attachment for ХМ16Е1 


TO: Commanding General 
United States Continental Army Command 
Fort Monroe, Virginia 23351 


1. Since December 1963, a basic requirement for a Blank Firing 
Attachment (BFA) for the ХМ16Е1 Rifle has been in existence. This was 
refined into a Small Development Requirement (SDR) in May 1964, 


2. Informal liaison with the Office of the Project Manager, Rifles 
indicates that twenty-one (21) type BFAs should be furnished to Spring- 
field Arsenal on or about 1 September 1966 for functioning tests. The . 
capability of Springfield Arsenal to respond adequately and promptly to 
any requirement grows continually worse through 1088 of key personnel 
! as inactivation approa ies. Informal information from U.S. Army Test 
and Evaluation Command indicates a highly questionable date of October 
1966 for Engineer Test Service Test because of the low priority accorded 
the BFA relative to SPIW and the XM148 project. 


3. During my visit to the United Kingdom in March 1966, I was informed 
of the existence of a BFA developed for the ХМ16Е1 (or AR15) by the Royal 
Small Arms Factory, Enfield. The US Army Standardization Group, U.K. pro- 
vided Headquarters, USAMC with drawings of this BFA on 12 January 1966 and 
has since forwarded one (1) BFA to Fort Benning. The device has undergone 
limited (300 rounds) evaluation here and was found to function adequately. 
I am immediately forwarding this BFA with an evaluation to the Project 
Manager, Rifles. 


4. It is understood that HQ USAMC has recommended to ОСАО a limited 
procurement of 24,274 BFAs and 4,060,000 rounds of blank ammunition (AMC 
Tech. Com. Item No. 4687). 


COPY 
INCL 3-3 


3-172 


FOR OFFICIAL USE ONLY 


СОРҮ 


AJIIS-W 
SUBJECT: Blank Firing Attachment for ХМ16Е1 


5. Since the decision was made to utilize the ХМ16Е1 rifle completely 
in Viet Nam, it becomes increasingly imperative that a BFA be issued with 
minimum delay to units and individuals training to go to Viet Nam. I know 
you are well aware that use of blank ammunition has a favorable psychological 
impact on the new soldier in his training. It adds realism to his tactical 
training which points out the serious business of training for combat. 


6. I strongly urge that action be expedited to field a BFA. At this 
moment, the Enfield model seems to promise quickest results. 
/s/ 


ROBERT H. YORK 
Major General, USA 


Commandant 
Copies furnished: 
CG, USAC DC, 
Ft Belvoir, Va 
CG, USAMC, 
Wash., D.C. 
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Appendix 4 


AMMUNITION DEVELOPMENT PROGRAM 
А. Introduction 

The development of the 5 „5 бип ammunition system started іп 
1957 and was essentially derived from the Remington caliber 
.222 cartridge / In November 1957, the Armalite Division of 
the Fairchild Aircraft and Engineering Company invited Remington 
Arms Company, Inc., to cooperate in design and development of a 
cartridge for use in the Armalite АК15 rifle. The original work 
was done by Remington Arms in conjunction with Springfield Armory 
and eventually led to the commercial caliber . 222 Remington 
Magnum, The caliber ,222 Remington Magnum was modified and 
renamed the caliber .223 cartridge as a cooperative effort by 

Remington Arms Company, Тпс,, and Mr. Е, H. Stoner of Armalite.2/ 

The development of caliber .223 ammunition was initiated on 

ball cartridges, although small quantities of blank, grenade 
гоо launching, and tracer cartridges were produced. Most of the 
ammunition produced by Remington until the middle of 1962 was 


produced commercially for the firm of Соорег-МасПопа14 (sales 


1. Staff Paper, prepared by Remington Arms Company, Inc., 
undated, sub: Development of Caliber 5.56mm Ammunition, 


2. Staff Paper, prepared by Remington Arms Company, Inc., 
27 Mar 63, sub: Performance of the .223-АВ15 System. 
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Technical Coordinating Committee meeting of 10 December 1963 ,26/ 


at which a comparison of all tests done by the Army, Air Force, 
and Colt's Inc. was made, the committee agreed to adopt a modified 
lighter firing pin, which was used in the cam friction device and 
was recommended by Colt's as a solution to the problem, The 
committee also agreed to accept primer sensitivity criterion22/ of 

' none-to-fire limit of 12 inch-ounces and an all-to-fire limit of 
48 inch-ounces, The committee recommendation was forwarded through 
the Army Staff to the Office of the Secretary of Defense and approved 
23 December 1963 .28/ Thus, two system changes were initiated to 
correct the primer sensitivity specifications proposed by the joint 
study in which the Army could not concur. 

The Commanding Officer, Frankford Arsenal ,22/ suggested to the 

project manager that further consideration be given to modifying 
the M16 rifle in order to allow a wider range of primer sensitivity 
without an increase in the user's wig of either accidental firing 


or misfire. Rationale for this recommendation was based on 


26. Min, Technical Coordinating Committee Meeting, 10 Dec 63. 
27. MIL-C-9963C, 27 September 1963, 
28. Ltr, OSD to OSA, 23 Dec 63, sub: АВ15 Rifle Ammunition. 


29. Ltr, Frankford Arsenal, 31 Mar 65, sub: Primer Sensitivity 
Limits of 5.56mm Ammunition, 
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B. Cartridge Case У 
Initial Military Specifications 


The initial military specifications for the 5.56mm cartridge 


case published by the U.S. Air Force, 24 January 1963,3/ were 


developed primarily from the commercial specifications prepared | 
Бу Remington Arms Company, Inc. They provided for control of 


bullet extraction, water proofing, accuracy, propellant burning 


. wars stot oe p Ly Spe Pa o o ttu да rca Eu A 


time, velocity, and chamber pressure; but did not provide for 
metallurgical control of cartridge case hardness, although the 
control of case hardness was mandatory for the 7.62mm North 
Atlantic Treaty Organization (NATO) cartridge. Military specifi- 


P4 
cations required that no less than 35-pound pressure be necessary 


to extract the bullet from the cartridge case, and the minimum 
case wall thickness was specified. 


Development 
Testing conducted in March 1963 by the U.S, Air Force4/ 


Е 
PE Be tint болм Ww es Sia کور‎ ETT а ТНА d 


identified cartridge case defects in the form of blown primers 


and debulleting (separation of the case from the bullet upon 


Мода RERA TEEN 


extraction of an unfired cartridge from the chamber). A review 


of these defects determined that they were the result of a 


3. MIL-C-9963, U.S. Air Force, 24 Jan 63, 


4. Msg, OOAMA Hill AFB to USAMUCOM (OOYEC 16298), 13 Mar 63. 


4-3 


FOR Off. USE ONLY 


3 
4 


-— —— 
— 


difference in the chamber configurations of the production rifle 


and the test barrel, The ammunition had been produced and con- 


trolled in a gun chamber developed with Armalite representatives, 


but this gun chamber differed from that of the Colt's АК15 
weapon produced and used in field-testing. The throat angle of 
the ARL5 was steeper and the neck section shorter than in the 
Remington test . ТЕ was also determined that this modifi- 
cation in the Colt chamber had been ordered by Mr. Stoner, the 
weapon designer, and that Remington and the Project Manager had 
never been advised of the change. 87 The production rifle, with 
a shorter chamber, caused the bullet to be forced into the 
chamber so tightly that the bullet was actually scored when 
loaded into the chamber, This chamber incompatibility resulted 


in the development of higher chamber pressures, which, in turn, 


caused the blown primers, and also led to the initial requirement 
of in excess of 35 pounds to extract an unfired cartridge from the 
chamber, A modification to the chamber corrected this ammunition 
deficiency. The tests that led to the modification ave cited in 


_Appendix ТТ. Remington Arms Company personnel have шары; that 


théir inability to acquire a production rifle during early 


5. Rpt, Remington Arms Company, Inc., 27 Mar 63, sub: Perfor- 


mance of the .223 ARIS System, 
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production (1962-63) was a primary cause of the incompatibility of 
the rifle and ammunition, 

The Twelfth Memorandum Report on the АК15 rifle-ammunition 
system, prepared by Frankford Arsenal in October 1964 ,6/ iden- 
tified the hardness of cartridge cases as a significant factor in 
functioning and in the occurrence of certain defects that some- 
times are observed in the firing of service weapons. For example, 
too hard or soft case will result in poor obturation. This had 
been clearly established with 7.62mm ammunition, where extensive 
engineering tests had disclosed a relationship between case hard- 


ness and cartridge performance. No such information was available 


at that time for 5.56mm ammunition. Frankford Arsenal, anticipating 


that problems related to cartridge case hardness would arise, 
initiated action in September 1964 to develop diti Ende would pro- 
vide a background and basis of comparison for case hardness measure- 
ments, The Twelfth Memorandum Report described test procedures used 
to develop data contained in the report and recommended that these 
procedures be utilized for making hardness measurements on 5.56mm 
cartridge cases whenever such . were required, 


No action to establish metallurgical controls over production 


was taken, although it was discussed at several Joint Services 


6. Frankford Arsenal Twelfth Memo Rpt, Oct 64, subs Measurement 
of Cartridge Case Hardness Patterns. ` 
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Command (USAMUCOM), on 2 Мау 1966, that there had been no 
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AR15/M16/M16Al Technical Coordinating Committee (Technical Соог- и 

: 

dinating Committee) meetings 2 The Project Manager, Rifles, Y 

š 

informed the Commanding General, United States Army Munitions ! 5 

E 

i 


apparent need for such controls in view of the absence of cartridge 


8/ 4 


case ruptures with 5.56mm ammunition manufactured to specifications. 


Although there had been reports of cartridge case ruptures, the 
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water in the bore rather than by a deficiency in the cartridge 


Е 


case, This opinion was verified by a message from the lst 


ZA кока. 


Logistics Command ,3/ which reported that an investigation in 


Vietnam had disclosed that no ruptured cartridge cases had been 


— Оо. 


experienced with the М16Е1 rifle and that the real problem lay in 


freezing of the case in the chamber, a failure caused by lack of 


— VA 


cleaning. It is interesting to note that a test conducted by 


10/ 


Frankford Arsenal during April and May 1966, designed to simu- 


late an extreme climatic and usage condition that could adversely 


5 


Project Manager thought that they were caused by factors such аз 


7. Min; Technical Coordinating Meetings, 25-26 Jun 63, 24-25 
Mar 64, and 12-13 Jan 66, 


8. Ltr, Project Manager to CG, USAMUCOM, 2 May 66, sub: Quality 
Assurance Provisions for 5.56mm Cartridges. 
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9, Msg, lst Logistics Command (AVL-GM 00853), 21 Jan 66, sub: 
Ruptured Cartridge Cases, ХМ16Е1 Rifle. 


10. Ltr, Frankford Arsenal to CG, USAMUCOM, 26 May 66, sub: 
Difficult Extraction in 5.56mm ХМ16Е1 Rifle, 
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affect cartridge case extraction, failed to identify any notice- 
able variations in cartridge cases or primers,  Frankford 
Arsenal consequently advised the Commanding General, USAMUCOM, 


that no changes to 5.56mm cartridge designs or requirements 
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appeared nacessary at that time. The Project Manager pointed out 
to the Commanding General, USAMUCOM, on 2 May 1966, that while 
there was reason to believe that the metallurgical controls in қ 


practice were adequate, these controls were largely the result of 
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voluntary efforts on the part of the producers; and that there was 
no guarantee of future compliance, particularly if new producers 
should become involved, With this in mind, the Project Manager 
requested recommendations from the Commanding General, USAMUCOM, 
on the minimum metallurgical requirements necessary to insure con- 


tinued trouble-free performance of 5.56mm ammunition in M16 and 


— e — E 


М16А1 rifles H/ He also asked that a survey be conducted to 
determine the upper and lower limits of the case sidewall hardness 


gradient common to all lots of ammunition manufactured to the 
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current specifications, Frankford Arsenal started tests on 
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15 September 1966 to ncquire additional data on case sidewall 


hardness and metallic grain size. 
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11. Ltr, Project Manager to CG, USAMUCOM, 2 May 66, sub: E 
Quality Assurance Provisions for 5.56mm Cartridges. 3 
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The Project Manager stated to the Commanding General, 
USAMUCOM, оп 13 July 1967,12/ the general concept that unnecessary 
controls over the ammunition producer must be avoided and that he 
had hertofore not found sufficient grounds to justify mandatory 
controls on the hardness or grain configuration of 5.56mm cases. 
However, as a result of reported difficulties in case extraction 
with Federal Cartridge Company 5.56mm ammunition, experienced by 
the Marine Corps in Vietnam and by the United States Combat 
Developments Command Experimentation Command (USACDCEC), Fort 
Ord, California, the Project Manager suggested that the require- 
ment now be re-examined on the basis that in those weapons having 
marginal degrees of chamber deterioration, it was possible that 
the cartridge case properties might be critical to acceptable 


13/ 


functioning. The Frankford Arsenal examination of the Federal 
cartridges determined that the sidewalls were softer on these 
cartridges than on known patterns of earlier Federal lots, 
Federal Cartridge Company was requested to either adopt the new 


Frankford Arsenal proposed hardness pattern or to revertto its 


ovn original pattern. Federal Cartridge Company, with no 


12, Ltr, Project Manager to CG, USAMUCOM, 13 Jul 67, sub: 
Metallurgical Controls for 5.56mm Cartridge Cases, 


13. Ltr, Project Manager to CO, Frankford Arsenal, 6 Jun 67, 
845: Reported Difficult Case-Extraction With Federal тше Со. 
5.56mm Ammunition. 
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explanation for its change, agreed to revert to its original 
pattern of hardness, effective with October 1967 production. 
Federal КЕТКЕ have been periodically tested since’ October 
and no further evidence of soft cases have been reported. 

Frankford Arsenal analyzed all data pertaining to cartridge 
case metallurgical data over an extended period of time and advised 


the Commanding General, USAMUCOM, on 24 August 1967 that in order 


| 


...То minimize the burden on industry and to assure 
compatibility of recommended hardness patterns with pro- 
duction processes, Frankford Arsenal plans to publish its | | 
recommended hardness patterns аз а guide to industry, The 
GOCO plants (Twin Cities and Lake City Army Ammunition 
Plants) will be required to make the necessary process 
adjustments and to commence hardness testing of all 
subsequent ammunition lots, The results of these tests 
will be studied by Frankford Arsenal and at the end of 
6 months, adherence to an established hardness will be 
made mandatory. In the interim, producers will be aided 
and guided by Frankford Arsenal in effecting necessary 
process modifications to meet the recommended hardness 
profile 24 . 


Additional testing is now being conducted by Frankford Arsenal 
to determine the effect hard and soft cases have on extraction from 
Vietnam-conditioned weapon chambers. The report of this test should 


be available about 14 June 1968, 


14, Ltr, Frankford Arsenal to CG, USAMUCOM, 24 Aug 67, sub: 
Quality Assurance Provisions for 5,56mm Cartridges. 
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Primer Sensitivity 
Initial Specifications. Ammunition specifications established ; 


| Бу the Air Force оп 24 January 1963 provided for quality control | 


| against cocked, inverted, loose, and nicked primers, The specifi- 
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cations further provided for inspection and test of waterproofing 


š and the crimp of primers. However, the specifications did not 


а^» a 


provide for specific limitations on primer sensitivity for 5.56mm 


ammunition A7 j ' E 


Development. Ас the first meeting of the Technical Coordinating 
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Committee on 26 March 1963,16/ the Air Force representatives sub- 


mitted a list of reported ammunition deficiencies, which included 


arrar ДАХ 


} 

| 

} 

| i "high primers" and "primers too sensitive", It was agreed that 
| NO a 

| Frankford Arsenal would investigate the matter and recommend 


corrective action. 


i 
| 
^ One of the malfunctions reported by the Air Force was the pre- 
mature firing of cartridges that occurred upon initial charging of 


the M16 rifle with a cartridge from the magazine, or upon single- 
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loading of a cartridge directly into the chamber, or when two 


rounds were fired at one trigger pull during semiautomatic fire, 


15, MIL-C-9963 (USAF), 24 Jan 63. 
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This malfunction was attributed to "high" or protruding primers, 
although the tests did not confirm this theory. 

However, analysis indicates that if high prins caused the 
premature firíng, the firing should have occurred upon impact of 
the bolt face with the protruding primer. At this point in the 
weapon cycle, the bolt head would not have been rotated to the 
locked position by action of the cam pin and carrier. Had firing 
occurred with the bolt in the unlocked position, it would have 
resulted in a blow back and would not have been undetected. No 
such disruptions were reported. Since premature firing occurred 
after bolt-locking, it must have coincided in time with the impact 
of the bolt carrier against the bolt head. АЕ the instant of 
impact, the "free floating" firing pin is moving at the velocity 
of the bolt carrier. The kinetic energy of the pin must be 415- 
sipated by such frictional forces as it encounters in the forward 
movement, anc, finally, in impact of the firing pin tip with the 
primer of the chambered cartridge. This premise was confirmed by 
the visible indentation appearing on cartridges.which were chambered 
by the mechanism and extracted unfired, 

Frankford Arsenal identified test procedures for measuring 


firing pin energy and recommended limits for primer sensitivity E/ 


17, Frankford Arsenal First Memo Rpt on ARIS Rifle-Ammunition. 
System, 4 Apr 63. 
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These procedures were designed to measure the indent depth of the 
firing pin upon the primer cup. Tests are conducted by dropping 
steel balls of known weights from various measured heights upon a 
device containing a firing pin and a primed case assembly. Using 
this procedure and measuring the energy in inch-ounces, Frankford 
Arsenal was able to develop test data upon which to recommend a 
lower Limit of "none-to-fire" and an upper limit of "all-to-fire", 
It recommendéd that primers be manufactured so that the none-to-fire 
limit should be not less than 16 inch-ounces of energy and the 
all-to-fire limit should be not greater than 64 inch-ounces of 
energy. 

А meeting of the Technical Coordinating Committee was held at 
Hill Air Force Base 5 June 1963, at which time a difference of 
opinion arose as to primer sensitivity. The purpose of the meeting 
was to establish procedures for transfer of the Air Force technícal 
data to Frankford Arsenal for use in the FY 1964 procurement and to 
insure that there would be no unnecessary duplication of effort in 
completing the Army technical data package. The Air Force explained 


at the meeting that it could not release technical data to the Army 


“earlier than 29 May 1963 because it was necessary to withhold data 


while the Air Force purchase was processed through preprocurement 


channels .28/ These data became available to the Army 29 May 1963. 


18. Min, Technical Coordination Committee, 5 Jun 63. 
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As а result of the 5 June 1963 meeting, the Army Project Manager 
directed that Frankford Arsenal and Hill Air Force Base take ; 
joint action to resolve differences in firing pin energy and primer 
sensitivity, This joint action included test firing at Lackland 


Air Force Base during the week of 22 July 1963.19/ Frankford 


Li 


Р Coordinating Committee оп 13-14 August .20/ The committee agreed 


to a none-to-fire limit of 12 inch-ounces and an all-to-fire limit 


— 


of 48 inch-ounces, with an understanding that if tighter limits 


could be met, consideration would be given to tightening these 


limits at a later time. The Army Staff representative (from the 


Assistant Chief of Staff for Force Development) withheld concur- 


Arsenal presented the results of the joint study to the Technical 


rence on these limits pending further evaluation by the Army Staff. 


that the primer sensitivity limits contained in the specifications 


could not be accepted because of the risk of inadvertent fire 2h! 


The Commanding General, USAMC, stated that the only practical 


solution was to modify the weapon. As a result of the Army Staff 


On 17 September 1963, the Army Staff informed the Project Manager : 
19, Investigation of Firing Pin Energy and Primer Sensitivity on 
the АК15 Rifle-Ammunition Systems, Frankford Arsenal, 1963. 
vu 20, Min, Technical Coordinating Committee Meeting, АК15 Rifle- 
tnt Ammunition, 13-14 Aug 63. 

21. Historical Summary of 5.56mm Cartridge Program From Incep- 
. tion Until 30 September 1963, Frankford Arsenal, 
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rounds of 5,56mm M193 ball cartridges for the Army22/ until the 
problem was resolved, Solicitation of bids for the balance of 
FY 1964 Army and FY 1964 U.S. Air Force orders were held іп 
abeyance, | 

In the meantime, оп 3 September 1963, the Ammunition Procure- 
ment and Supply Agency (APSA) was advised that Olin-Mathieson and 


Remington, the only two eligible bidders for production of 5.56mm 


with representatives from USAMUCOM, APSA, and the two producers to 
resolve these disagreements, As a result of this meeting ,24/ 
Frankford Arsenal developed supplementary changes in primer sensi- 
tivity requirements in the technical data package. The requirement 
was established at a minimum of 12 inch-ounces and a maximum of 48 
inch-ounces. As previously stated, however, оп 17 September 1963, 


procurement would be suspended until the overall problem could be 


resolved, 


22. Msg, CG, USAMUCOM to CG, USAWECOM, 18 Sep 63. 


23. DF, Chief, National Engineer Branch, Frankford Arsenal, to 
Chief, Ammunition Engineering Branch, Frankford А.зепа1, 3 Sep 63. 


24. Msg, CO, Frankford Arsenal, to CO, APSA, 6 Sep 63. 
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action, USAMUCOM was directed to suspend procurement of one million 


ammunition, had both taken exception to the technical data package. 
Both companies recommended changes to the primer sensitivity require- 


ments. A meeting was held at Frankford Arsenal on 5 September 1963 
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, 
Remington Arms Company, on the basis of the information con- 
tained in the Frankford Arsenal First Memo Report, undertook the 


design of a new primer that would be less sensitive and less sus- 


ceptible to the inadvertent energy delivered to the primer by the 


\ free-floating firing pin of the АК15 rifle. Since it is difficult 
to adjust primer sensitivity by chemical changes, Remington elected 
to accomplish the "desensitization" by increasing the mechanical 
strength of the brass primer cup, which must be indented by the 
firing pin to cause ignition, 

As a result of the decision of the Commanding General, USAMC, 


to modify the rifle, Colt's Inc. developed two designs, a Linear 


} spring device and a cam pin friction device, to reduce firing pin 
energy on bolt closure, These two designs were tested by the Air 
Force at the 0,5, Air Force Marksmanship School 287 The initial | 
Бо of this test were that both devices effectively reduced 
firing pin energy; however, the Air Force recommended against their 
adoption because they increased the probability of a misfire 
(although no failures to fire were identified in the test results), 
added to the cost of the weapon, and adversely affected its 

- | | reliability. Army tests of these devices indicated that the linear 


spring friction device was a satísfactory solution; however, at the 


Ф 233 25, USAF Marksmanship School Operational Suitability Test 
Dy (Project 296-63), 6 Dec 63. 
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Technical Coordinating Committee meeting of 10 December 1963,26/ 
at which a comparison of all tests done by the Army, Air Force, 
and Colt's Inc. was made, the committee agreed to adopt a modified 
lighter firing pin, which was used in the cam friction device and 
was recommended by Colt's as a solution to the problem. The 
committee also agreed to accept primer sensitivity criterion 27/ о 
none-to-fire limit of 12 inch-ounces and an all-to-fire limit of 
48 inch-ounces. The committee recommendation vas forwarded through 
the Army Staff to the Office of the Secretary of Defense and approved 
23 December 1963. 28/ Thus, two system changes were initiated to 
correct the primer sensitivity specifications proposed by the joint 
study in which the Army could not concur. 

The Commanding Officer, Frankford Arsenal ,22/ suggested to the 
project manager that further consideration be given to modifying 
the M16 rifle in order to allow a wider range of primer sensitivity 
without an increase in the user's за of either accidental firing 


or misfire, Rationale for this recommendation was based on 


26. Min, Technical Coordinating Committee Meeting, 10 Dec 63. 
27, MIL-C-9963C, 27 September 1963. 


28. Ltr, OSD to OSA, 23 Dec 63, sub: АВ15 Rifle Ammunition. 


29. Ltr, Frankford Arsenal, 31 Mar 65, sub: Primer Sensitivity 
Limits of 5,56mm Ammunition, 
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production experience with 5.56mm M193 ball ammunition which in- 
dicated that specified primer sensitivity limits were difficult 
to meet, There had been delays in production and deliveries 
attributable in part to the difficulty of primer manufacture 
within the prescribed limits. Manufacturers had contended that 
any appreciable acceleration in production schedules would 
aggravate this problem. Frankford Arsenal again stated its 
position, recommending weapon madd fication A0 

The Technical Coordinating Committee reviewed the propriety of 
the primer sensitivity limits on 3 June 1965 ,31/ Data on about 
400 primer lots produced in accordance with the adopted specifica- 
tions indicated that production difficulty had not been so great 
as had been predicted by private industry or by Frankford Arsenal. 
The primer sensitivity limits were about as tight as possible for 
mass production. А rejection rate of about 3 to 5 percent 
(depending on the producer) for primer procuction was indicated, 
but the rejection rate was not considered excessive for a relatively 


inexpensive component. The committee noted that no problems with 


either inadvertent firing or misfire had been experienced or 


30, Frankford Arsenal Fourteenth Memo Rpt on АК15 Rifle-Ammunition 
System - Study of Current Primer Sensitivity for 5.56mm Ammunition, 
Jun 65, 


31. Min, Technical Coordinating Committee Meeting, 3 Jun 65; 
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reported. Тһе committee did not make any recommendations to 
change the primer sensitivity limits, but did note that any future 


weapon designs in 5,56mm caliber must accommodate these Limits. 


e 


A report by Headquarters, United States Army Combat Develop- 


ments Command Experimentation Command (USACDC EC), of the field 
experimentation phase of the Small Arms Weapons System (SAWS) Study, 


/ 
10 May 1966,22 identified low primer sensitivity іп 5.56mm 


— . w anes 


ammunition as one of the major causes of 5.56mm weapons malfunctions. 


Analysis by USACDCEC of data accumulated during the experiement 
indicates that in 1,261,215 rounds fired by the 5.56mm weapons, 


there were no instances of cartridges firing when the bolt was 


SREP & су B quc eae, 


closed without pulling the trigger and no cases where the primer 


indentations of misfire cartridges were sufficiently shallow to 


have caused misfires. Misfires were not due to high primer sensi- N 


tivity but to low primer sensitivity. They occurred in all five 


models of 5.56mm weapons being tested, Some of the misfires with 


— Буу 


the Stoner machine gun were attributed to a lack of sufficient 


` 


` 
IE из nis 


5 recoil power, The four weapons other than the Stoner machine gun 


had 829 misfires in 1,008,629 rounds fired, or one per 1,217 rounds. 35 
й А Тһе ‘analysis of results of SAWS Engineering and Service Tests 1 
conducted by the 0,5, Army Test and Evaluation Command determined 4 
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32.. Report, HQ USACDCEC, Small Arms Weapons Systems (SAWS) 
. Field Experimentation, Part One: Main Text, 10 May 66, 
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that primer sensitivity of the 5.56mm cartridge was an area re- 


p IET 


quiring further investigation, since failure to fire was the most 


frequent malfunction with all 5.56mm weapons .33/ 


Primer Composition | 


— . 


Initial Specifications. Ammunition specifications established | 
by the Air Force 24 January 1963 did not restrict the chemical 
composition of primers to be used in 5,.56mm ammunition. 

have төрке Efforts. Colt's Іпс,, first experienced difficulty 
in 1963 in complying with the 6,000-round endurance test for the 
Air Force contract. 24“ Specifically, the problem was defined by 
Colt's as an excessive accumulation of fouling on the bolt 3888985 
This fouling resulted in sluggish operation, which in turn, lead 
to failures to feed and eject. Frankford Arsenal was assigned the 


task of investigating the problem and determining to what extent 


— eet у Geto fe р залға. 


the trouble was attributable to the ammunition used. In the course 


of the investigation, it was determined thet these rifle lots which 


failed the endurance test were those firing Remington ammunition and 
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using a Remington 72M Primer, which contains lead styphrate, barium 


nitrate, tetracene, antimony sulfide, and calcium silicide, Those 


— 


33. Report, НО, USATECOM, Jan 66, sub: Analysis of Results of 
SAWS Engineering and Service Tests, P ots 
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34. Frankford Arsenal Eighth Memo Rpt, 10 Dec 63, on ARIS 
Rifle-Ammunition System. . 
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rifle lots that passed the endurance test had fired ammunition 
using a Remington 92 Primer, which differed from the 72M Primer 
in that it did not contain antimony sulfide and calcium silicide, 
In view of the possibility that the primer might have contributed 
to the excessive fouling problem, and until standardization of a 
primer-propellant combination could be 88 ааа: Frankford 
Arsenal ERE that a satisfactory discriminative fouling 


test be required as a criterion for 5.56mm cartridge acceptance, 


An approved change / required that a 1, 000-round fouling test be 


successfully conducted on each pre-production lot of ammunition 
and on any subsequent change in primer ingredients by the pro- 
ducer as a condition of acceptance. This change was incorporated 
into the technical data package for the fiscal year 1965 procure- 
ment program. 

At the 3-4 June 1965 Technical Coordinating Committee Meeting „36/ 
the Colt's Inc. representative reported that ammunition recently 
provided for the endurance test was causing more fouling than 
the ammunition previously used, The Project Manager directed 
Frankford Arsenal to conduct a primer chemical analysis to determine 


whether a producer had made an unauthorized change in primers, 


35. Min, Technical Coordinating Committee, 24-25 Mar 64. 


36. Min, Technical Coordinating Committee, 3-4 Jun 65, 
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Frankford Arsenal reported that its analysis had revealed по change 

in primer composition and that the primers were арабтық 222 
Further analysis of the chemical composition of primers by 

Frankford Arsenal resulted in a change in the military specification 


on 8 February 1966 to eliminate calcium silicide as an acceptable 


compound because it was a contributor to excessive fouling. In an 
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attempt to further isolate the cause of fouling, the fouling test 
was augmented in December 1966 by a monthly fouling test at each 
plan manufacturing 5. 56mm cartridges .38/ The test consisted of 
1,000 rounds of each type of cartridge (ball and tracer) for each 
propellant loaded during tae month. The results of these tests 
indicated that the cause for failure of ammunition lots was some- 
thing other than ammunition. The Frankford Arsenal Progress Report 
concluded that :32/ 

The residue accumulating in the working assembly 
of the 5,56mm rifle is a complex composite of the metal 
oxide contaminants from the bullet; organic and metal 


oxide contaminants from the remainder of the round; 
and the breakdown of the weapon lubricant. 


37. Min, Technical Coordinating Committee, 8 Feb 66. 


38. Msg SMUFA103000 CG USAMUCOM to CO, Frankford Arsenal, 
12 Dec 66. 


Жы 39, Frankford Arsenal Progress Rpt of 5.56mm Gun Fouling 
4.2525. for Period 1 Apr to 30 Jun 67. 
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D. Bullet Design 
Initial Specifications 


The initial military specification for the cartridge, 5.56mm 
(5.64mm by Air Force designation)40/ stated that the cartridge 
would comply with the requirements specified on drawing 62033759, 
Development . 

Bullets of several different shapes had been made by various 
manufacturers for use in early commercial ammunition for the АК15 
rifle. The projectile originally designed for the АВ15 was a 55- 
grain, caliber .223 Remington bullet, with a 9? boattail end a 
short tangent ogive nose. There had been some question regarding 
variacions in shape, especially as regards bluntness of point, 
among individual specimens of bullets. 

Frankford Arsenal conducted an investigation of bullet con- 
figuration in 1963 in order to determine the best design for 
achieving aerodynamic stability with maximum lethality A / It 
tested the two types of bullets that were then available, The 
Type A bullets were taken from cartridges manufactured by the 


Remington Arms Company under government contracts between 


40. Mil-C-9963(USAF), 24 Jan 63. 


41. Frankford Arsenal Third Memo Rpt on ARIS Rifle-Ammunition 


System, 18 Jun 63. 
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September 1962 and April 1963. The Туре В bullets were from а 
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sample provided to Frankford Arsenal by the 0,5, Air Force. Тһе 


Air Force had procured the bullets as separate components (not 
cartridges) from the firm of Sierra Bullets. 
Measurements of the two types of bullets showed marked char- 


acteristic differences in their configurations. The ogival curve 


of the Type А bullets is approximated by a tangent arc of 5.5- 
caliber. radius, whereas the ogival curve of the Type B bullets 
was approximated by an arc of about 7-caliber radius, The overall 
length of the Type А bullets was about 3.28 calibers, whereas the 
length of Type B bullets was about 3,54 calibers.42/ The angle of 
the boattail was the same for each, but the axial length of the 
boattail section was approximately .43-caliber for the Type A bullets 
and approximately .49-caliber for Type B bullets. The Type А bullets 
generally had blunter points than Type В bullets, мијећ were slightly 
longer. 

During the course of the Frankford Arsenal investigation, 
particular questions concerning stability and terminal effects. 


arose, of which Frankford Arsenal noted: 


Stability. The results of accuracy firing 
lead to the qualitative judgment that the stability 
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42. Example: A Type A bullet of 3.28 calibers in length is 
one whose length is 3. 28 times the diameter of the Type A bullet, 
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factor of Туре В bullets is less than that of Type А 
bullets, other relevant factors being equal. This 
also might be expected, since the rather longer ogive 
and boattail suggest a less favorable ratio of axial 
to transverse moments of inertia. Perhaps the over- 
turning moment coefficient is also less favorable in 
consequence of these differences, Although it has 
been established that the 12-inch twist of rifling 
is adequate for stability of Type A bullets under 
all anticipated conditions of use, direct evidence 
is not known to be available on this point for Type 
B bullets. 


Terminal Effects. Although it seems likely 
that most terminal effects of Type B bullets would 
be similar to those of Type А bullets at the same 
impact velocities, this could not safely be pre- 
dicted without some evidence. Some terminal ef- 
fects, notably wounding, cannot be so accurately 
predicted as are exterior-ballistic phenomena, or 
at least not without some esoteric knowledge 25 
wound ballis tics, 


After its investigation, Frankford Arsenal concluded: 


1. The Type B bullets evaluated in this test 
have significantly better exterior-ballistic proper- 
ties than have the Type A bullets, 


2. The use of bullets having more favorable 
aerodynamic shape (such as Type B instead of Type A) 
would allow a reduction of 50 fps in muzzle velocity, 
thereby reducing the probability of interior-ballistic 
problems which might arise in large-scale loading of 
‚223 ammunition, and still provide higher impact 
velocities at 100 yards and at all greater ranges. 


— E Se па. чыла ы 


3. An assessment should be made of the аего- 
dynamic stability and the lethality of Type B bul- 
lets when fired from barrels of 12-inch twist under 
all anticipated conditions of use,43 
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43. Frankford Arsenal Third Memo Rpt on ARIS Rifle~Ammunition 
System, 18 Jun 63. 
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The report was presented by the Frankford Arsenal repre- 
sentative to the Technical Coordinating Committee 25-26 June 1963,55/ 
At this same meeting, the Ballistics Research Laboratories (BRL) 


representative reported on the progress of the BRL study of the 


coerce ивээ „ы 


stability and lethality of the Type A bullet design in 1:12-inch 

Ë | ' and 1:14 inch twist barrels, The Project Manager asked the BRL 

| | representative for an expansion of the study, to include similar 
_' experiments with the Type B bullet. 

There is little available documented ínformation on this 
matter for a six-month period following the meeting, It ís the 
recollection of personnel associated with the 11 1 at that 
time, that the studies of stability and lethality for the Type B 
ыы bullet configuration proceeded оп a routine basis. 45/ 

By the June 1963 Technical Coordinating Committee meeting, the 

Army technical data package had not yet been used іп any procure- 
ment of ammunition. While Frankford Arsenal suspected, on the 
basis of engineering knowledge, that the margin of typical chaise 
pressures below maximum limits might be small, there was no conclu- 


sive evidence that the margin would be insufficient to preclude 


loading cartridges with the IMR 4475 propellant. The Type B (Sierra) 


44, Min, Technícal Coordinating Committee, 25-26 Jun 63. 


45. Hearings before the Special Subcommittee on the M16 Rifle 
Program, Armed Services Committee, 22 Aug 67, p. 4995. 
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bullet design was sufficiently promising to warrant further study; 
however, no immediate action was taken, When it became apparent , 
from comments by industry in late 1963 and early 1964 that the 
velocity chamber pressure limit, using IMR 4475 propellant was not 
likely to be compatible, interest was revived in the original 
s | Frankford Arsenal observations on the Туре В Sierra bullet. (See 
Appendix 5.) 
The Project Manager requested on 26 February 1964 that the 
Ballistic Research Laboratory prepare a test plan designed to 
provide sufficient data on which to base a decision on whether to 
adopt the Type B Sierra bullet for the M16 rifle ,46/ On the basis 
M. к of the extensive data available at that time оп rifle bullets, BRL 
recommended that further tests to define the performance of the 
Type B Sierra bullet not be scheduled. BRL provided the following 
information in its response to the Project Manager : A/ 
Sierra bullets have been fired from the АК15 
rifle with twist rates of 1:12 inch and 1:14 inch 
in an experiment to determine the stability factor. 


A table giving comparative stability factors is 
presented: 


- 46. Ltr, AMCPM-ARI5, sub: Evaluation of Sierra Configuration 
; cal, .223 Bullet. 1 


47. Ist Ind (AMXBR-WO), 20 Mar 64, ко Ltr, (АМСРМ-АВ15), 
26 Feb 64, sub: Evaluation of Sierra Configuration cal. .223 
Bullet, 
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Testing at +70°Fahrenheit 
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Stability Stability 
Projectile Twist Factor Twist Factor 


.223 Remington 1:12 1.60 1:14 1.20 
Sierra . 1:12 1.23 1:14 ‚91 


Testing at -65°Fahrenheit 


„223 Remington : 1.20 1:14 „90 
Sierra : .92 1:14 .68 


It appears from these data that the Sierra bullet 
when launched from a 1:12 inch twist compares quite 
closely to the .223 Remington when fired from а 1:14 
inch twist tube. In order for the Sierra bullet to 
.perform similar to the .223 Remington which fired 
from a 1:12 inch twist, a twist of 1:9,5 inch is re- 
quired, : 


(With reference to velocity, BRL provided the following data:) 


The difference in velocity between the Sierra con- 
figuration round and the .223 Remington is about 200 
feet per second at 500 meters if they are fired with 
the same initial velocity. Since the matter of most 
importance is assumed to be wounding power, a.compar-: 
ison of conditional probabilities of incapacitation 
will provide insight into the extent of improvement 
which could be expected with the Sierra bullet. These 
data are: 
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.223 Remington .22 Sierra 


Renge (Yards) Velocity . PHK _ Velocity 


0 3,270 3,270 
100 2,894 ` 2,944 
200 2,540 2,633 
300 2,211 2,341 
400 1,908 2,068 
500 1,627 У 1,814 
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BRL further advised that a review of data had indicated that there | 


x 022 


would be little increase іп lethality if the Sierra builet were 


2 


chosen. 


р 


In a staff study dated 1 April 1964, the Project Manager's 


Office noted that if the Type B Sierra configuration were adopted : 


‚ Lt would be necessary to (1) implement an engineering change to 
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change the twist of barrels from 1 turn in 12 inches to 1 turn in 
10 inches (or other twist, as testing should establish); (2) re- 
place barrels "em in Army and Air Force rifles; (3) replace 
repair barrels in stock of the Army and Air Force; and (4) replace 1 
present stocks of M193 ball ammunition. | 
On the basis of this information and the comments by the 


. Ballistics Research Laboratories, the Project Manager cancelled 


In connection with the 1967 study to re-evaluate the decision 
on the twist for the M16 rifle, the Ballistic Research Laboratories | 


was asked to design a projectile with the same gyroscopic stability, 
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further tests on 7 April 1964. / у 
| when fired from a 12-inch twist barrel, as that of the production 


M193 cartridge from a 14-inch twist barrel. Two basic conditions 


` of the design were that the new projectile should have the same 


weight (55grains) and the same basic construction (gilding metal 


De 42. 
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48. 2d Ind (AMXBR-WO), 7 Apr 64, to Ltr, АМСРМ-АВ15, 26 Feb 64, 
sub: Evaluation of Sierra Configuration cal. .223 Bullet. 
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jacket and léad-antimony core) as the M193 cartridge. BRL concluded 
from its study that it was not possible to duplicate the flight of 
the M193 bullet fired from a barrel with a lá-inch twist by a new 


projectile fired from a barrel with a 12-inch twist, although В 


—— 7 


several compromises were available ,49/ BRL recommended that a few p 


experimental designs of intermediate stability be fabricated to 


permit further experimental evaluations, 


The Ballistic Research Laboratories report on barrel twist, 


published December 1967 ,30/ was based on test data using only the 


Type А M193 cartridge and rifles with 1:12-inch and 1:14-inch twist. 


| ` The BRL recommendation was that the "1:12 twist should be maintained : 


bullet design, interior, exterior, and terminal ballistics. А flow 


| 
x 5 3 for production of М16А1 rifles." BRL is continuing its effort on 
| 


chart outlining the research and development effort to be accomplished 


is now being prepared by BRL 4% To be thorough the final report on 


1 
: this project must examine bullet-barrel interface. ДЕ that time 
additional recommendations may be made about the barrel twist. 


49. Ballistic Research Laboratories Memo Rpt (RDT&E Project 
E 1P523801A287), Jul 67. 


50. BRL Memo Rpt, 1886, Dec 67, sub: Effectiveness Comparison 
So 2 of 1:12 and 1:14 Inch Barrel Twist Rates for М16А1 Rifle. 
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$ же 51. Trip Rpt, CSAVCS-W-INF, 14 Mar 68, sub: BRL Activity оп 
EM у 5.56mm Bullet Design. 
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Е. Propellants 


There are three major commercial propellant produces in the 


United States: E, I, Dupont de Nemours and Company, Inc., 


ИЕ МИРНА 


Hercules Powder Company, and Olin Mathieson Chemical Corporation. 


— — 
_--- 


The IMR (improved military rifle) propellants are single-base 
i 
н (continaing по nitroglycerin), extruded (as spaghetti is extruded), : Н 


hollow tubes, which are chopped to lengths suitable for measuring | 


т-ға. 


and loading into cartridges. These IMR propellants have been іп 
use for more than 30 years and are proprietary developments of 


Dupont, 


эс kn л‏ رھ ید عم 


The double-base extruded propellants are similar in shape of 


grain to the IMR propellants, but differ from these in that they 


was مم‎ 


contain nitroglycerin as a supplementary source of energy. They 


teme tent s 


— 


are proprietary developments of Hercules Powder Company, from which 


the designation HPC is derived. Propellants of this type have been 


— S 


in use for more than fifty years. 


— 


i 
54 


The ball propellants are generally similar in chemical com- 


` 


х 


position to extruded double-base propellants, but the form of the 
grain is roughly spherical, hence the name ball propellant. Ball 
propellants are proprietary developments of Olin Mathieson, and 


have been used for about 25 years, They have the designation WC 


DU EUN. 
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for Western Cartridge, an Olin Mathieson subsidiary. `The Olin 


US 


Mathieson process for manufacture of ball propellant allows for 


the use of reclaimed nitrocellulose. Thvs, obsolete propellant 
can be reprocessed rather than discarded. 

The principal difference among Dupont (IMR) propellants is in 
the chemical coating which is applied to the surfaces of the pro- 
pellant to control the initial burning rate of the individual 
propellant grains; the chemical coating to control initial burning 
is also the key attribute that distinguishes individual Olin 
Mathieson and Hercules propellants as well. Thus, a given plant 
can easily make several propellants of a similar type, but the 
manufacture of certain propellants -- notably the double-base ones -- 
requires special facilities, such as a nitroglycerin processing 
capability .32/ 

The commercial specification for the caliber .223 cartridge, 
which was developed by Remington Arms Company and was the fore- 
runner of the present 5.56mm round, stipulated: "The cartridge 
shall be loaded with single base rifle power suitable to ballistic 
requirements of this cartridge ."53/ The same commercial specifica- 
tion required an average velocity of 3,245 = 40 feet per second 


and maximum average chamber pressure of 52,000 pounds per square 


inch, The ammunition manufactured by Remington Arms and used by 


52. Memo, Chief of Staff for Secretary of the Army, 27 Sep 67, 
sub: M16 Rifle Testing. Г 


53. Commercial Specification, Remington Arms Company, Inc., 
13 Jul 61, 


4-31 


FICIAL USE бИ 


Lett Feat te om 


RETR EE Le Sr eerta 100. САО 


FP аз че а АЛ فا‎ жеуде) 


C) 


RE 
— 


. — AA ИВ АК имо ,,. RÀ 
ACC A EE ы e б ир Л > =ч уе = ^ rr eme 
322 Ж ин r^^ PETE 


Z 


1 


Nem ite E 


Cooper-MacDonald Company for demonstration and testing of the АК15 
rifle was loaded with IMR 4475 propellant .54/ 
During the joint development phase of the military technical 

| data package by the Air Force and the Army in 1962 and early 1963, 
the question of chamber pressure specifications was discussed. At 
' a meeting at Lake City Ordnance Plant on 9-10 January 1963, repre- 

sentatives of the two services discussed whether the maximum ave- 

rage chamber pressure of 52,000 pounds p,s.i. could be maintained 

or whether an increase of two to three thousand pounds per square 

inch might be required. / 

At a meeting held in the Pentagon on 26 February 1963 attended 
by representatives of Office Secretary of Defense (050), Advanced | 
Research Projects Agency (ARPA), the U.S. Air Force, the U.S, Army 
na Remington Arms Company, the question of excessive chamber | 
ТИЯ in the M16 rifle above 52,000 pounds per square inch (as 
high as 56,000 pounds p.s.i.) was discussed. S/ It was decided 
that the cause of excessive chamber seas suis in the M16 was 
probably incompatability in the cartridge design and the rifle 


— 


~54, Memo, Remington Arms Company, Inc., 28 Jul 67, sub: Develop- 
ment of Caliber 5.56mm Ammunition, ; 


55. MFR, HQ USAMUCOM, 21 Jan 63, sub: USAF Meeting on Technical 
Data for 5,64mm Ammunition, 


56. Trip Report, Frankford Arsenal, 26 Feb 63, 
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chamber, The discussion did not include any reference to the 
possibility of a propellant problem. 

The Air Force technical data package required the use of IMR 
4475, and specified the velocity of 3250 + 40 feet per second, and 
the chamber pressure of 52,000 pounds per square inch (the commer- 
cail specifications). These requirements were also contained in 
the 16 August 1963 proposal for procurement of one million rounds 
of M193 ball cartridges. Both Olin Mathieson and Remington Arms, 
the two eligible bidders, took exception to provisions of the 
technical data package, but at the time, had no objection to the 
use of IMR 4475 propellant 77 

A visit to Frankford Arsenal on 16 September 1963 by the 


Project Manager resulted in a further discussion of propellants. 


The Project Manager agreed with the Frankford Arsenal representa- 


tive that some other propellant would probably be necessary for 
loading in special types of ammunition, but thought that an alter- 
nate propellant should not be developed at the expense of other 
tasks which he felt were more urgent 28/ 


A Frankford Arsenal memorandum of 11 July 1962 noted that the 


three propellant manufacturers had shown a desire to do a Limited 


57. Memo, USAMUCOM, 3 Sep 63, sub: TDP for 5.56mm Cartridges. 


58. Ltr, Frankford Arsenal, 27 Sep 63, sub: Engineering Program 
for 5.56mm (ARIS) Ammunition, 
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amount of developmental work and to supply samples of propellants 


to Frankford Arsenal for Vasko The memorandum added that 
the propellant manufacturers were seriously handicapped in develop- 
mental work by their lack of test equipment, weapons, and cartridge 
components. If Frankford Arsenal provided the manufacturers with 
the equipment they needed, the development or improvement of small 
arms propellants would be facilitated, The government would gain 
considerable savings because Frankford Arsenal would have to do 
less testing. As а consequer :e of the above memorandum, USAMUCOM 
in late 1963 and early 1964 negotiated identical "No Cost" or 
"Dollar" contracts with DupontS0/. Olin Mathieson 55, and HerculesS2/ 
in turn. 

Under the contract terms, propellant manufacturers would pro- 
vide engineering service to perform ballistic tests and screen newly 
developed or improved propellants for small arms; Frankford Arsenal 
would supply all necessary test equipment and cartridge components, 
such as primer cases and bullets, These contracts have been 
renewed annually without significant change in their provisions, 


and are now effective through 1968. They provide for the general 


59. Frankford Arsenal, DF, ORDBA-6152, 11 Jul 62, sub: Proposed 
Contracts with Propellant Manufacturers. 


60. Contract: DA-36-038-AMC-923(A), 29 Jan 64, 
61. Contract: DA-36-038-AMC-922(A), 20 Apr 64. 
62. Contract: DA-36-038-AMC-921(A), 24 Dec 63. 
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development of all types of small arms propellants, not merely 
propellants specifically for 5.56mm ammunition. Frankford 
Arsenal representatives report that up to this time no propellant 
samples for 5.56mm ammunition have been submitted solely in response 
to the contracts, However, in response to specific letter requests 
from Frankford Arsenal, the three propellant manufacturers did 
submit alternate propellant candidates to Frankford Arasenal in 1964. 
In telephone conversation on 27 December 1963, representatives 
of the Air Force and the Army decided to include WC 846 as an alver- 
nate propellant for the Air Force FY 1963 procurement ,63/ 
A meeting was held on 20 January 1964 to resolve manufacturers' 
further objections to the technical data package. At this meeting, 
it was agreed to permit the maximum chamber pressure to be increased 
from 52,000 p.s.i, to 53,000 p.s.i. on the one million rounds .64/ 
This agreement was confirmed by the Army to the manufacturer on 
21 January 1964 .65/ 
Also, on 21 January 1964, Olin Mathieson proposed that WC 846 


ball propellant be adopted by the Army as an alternate propellant 


and stated that the Company was prepared to guarantee WC 846 


63. Msg, CO APSA to CO Hill AF Base, 28 Dec 63. 


64. MFR, HQ USAMUCOM, 20 Jan 64, sub: Meeting on Procurement 
of One Million Cartridges, 5.56mm. 


65. Msg, APB 630, CO APSA, 21 Jan 64, 
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compliance with applicable ballistic, physical, and chemical epeci- 
fications without waivers ,66/ The Commanding Officer, APSA, replied 
to Olin Mathieson that the Army had no objection to further testing 
of the alternate propellant; however, it would not change the 


67/ This contract 


existing contract for one million rounds, 
authorized an increase of the maximum allowable chamber pressure 
to 53,000 pounds per square inch, 

The Air Force did not concur in increasing the chamber 
pressure and held to its previous position of using WC 846, if 
necessary, for its procurement of ammunition, 

The Project Manager advised the Commanding General, AMC on 
30 January 1964, of the difficulty the Army was having in obtaining 
responsive bids for the manufacture of the initial one million 
rounds of the total 150 million rounds required in FY 1964 .68/ 

The Project Manager stated that the elements of the technical 

data package under question were those specified by Remington Arms 
Company as part of a procurement package purchased by the Асшу in 
conjunction with the 600,000-round purchase of ammunition in mid- 


1963. Remington had declared that the specifications were correct 


66. Ltr, Olin Mathieson to USAMUCOM, 21 Jan 64. 


67. Msg, CO APSA, to Glin Mathieson, 23 Jan 64, 


68. Memo, Project Manager, 30 Jan 64, sub: FY 64 Ammunition 
Procurement Program -- ХМ16Е1 Rifle, 
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at the time of the 600,000-round purchase; however, Dupont now 
claimed it could not meet the pressure-velocity requirements of 
the specification for the propellant. The Project Manager further 


stated: 


It is my opinion that in the 1963 buy, the best 
propellant was selected from several lots so that the 
proper pressure-velocity relationship could be maintained, 
This presented no problem on a minor purchase such as the 
600,000 round buy; however, for a large volume procure- 
ment such as 150 millicn rounds, an inordinate number of 
high quality lots of propellant would be required.“ 


During the same period (early 1964) when the Army was attempt- 
ing to develop а new propellant for the 5. 56unm cartridge, effort 
was also being devoted to the development of a new propellant for 
the 7.62mm NATO cartridge. The basis for this development was: 

The 1964 version of the 7.62mm NATO M80 ball 

cartridge cannot be consistently loaded with IMR 4475 

propellant to a velocity of 2750 fps without exceeding 

the limit on average chamber pressure (50,000 peSei.). 


Some lots of IMR will meet the ballistic requirement. 
Many lots, however, will not. 2 


USAMUCOM further advised the Commanding General, AMC, that 


"а production engineering program had been initiated to thoroughly 
evaluate a new Dupont propellant having a different type coating 
_and designated Experimental (EX) 8138. Testing vf this new pro- 


pellant in 7.62mm ammunition proved encouraging," 


69. Ist Ind, HQ USAMUCOM to CG AMC, 3 Feb 64, sub: Small Arms 
Ammunition Propellants. 
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Meanwhile, testing of the three candidate propellants -- WC 
846 by Olin Mathieson; IMR 4475-5,56 and Cool Rifle (CR) 8136 
by Dupont; and HPC-10 by Hercules -- continued ,20/ At the same 
time (March 1964) the cartridge manufacturers were pressing the 
Army for a decision in order to meet contract commitments. Olin 
Mathieson stated that the Company would not be able to meet its 
production schedule if the Dupont propellant was selected because 
Dupont required an eight-week production lead time, Ol in 
Mathieson also said that the Company could begin loading immedi- 
ately with WC 846 if the Army approved that propellant 717 
Remington Arms Company and Federal Cartridge Company, the other 
two cartridge manufacturers, also informed the Army that if 
WC 846 was approved by 30 March 1964, that they, too, could meet 
their production schedules .72/ The date for approval was later 


extended to 30 April 1964.73/ 


The results of the testing of alternate propellants by USAMUCOM 


determined that the Olin Mathieson vropellant, WC 846, and Dupont's 


70, For an analysis of the evaluation criteria, see Incl 4-1. 


71. MFR, HQ USAMUCOM, 23 Mar 64, 


72. MFR, HQ USAMUCOM, 30 Mar 64, sub: 
Procurement. 


AR15-M193 Ball Cartridge 


73. DF, HQ USAMUCOM, 10 Apr 64, sub: Test and Evaluation of 
Alternate Propellants for Cartridge, 5.56mm, M193. 
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existing contracts, 


indicated below. I/ 


Producer 


Cool Rifle (CR), 8136 were both suitable for loading in the 5.56mm 
M193 cartridge. Dupon IMR 4475 was continued as acceptable for 


The cartridge producers loaded ammunition as 


Propellant Loading 


Contract 


Olin Mathieson DA-11-173-AMC-181 WC 846 
рА-11-173-АМС-168 IMR 4475 

Remington Arms DA-11-173-AMC-169 IMR 4475 
DA-11-173-AMC-182 CR 8136 

Federal Cartridge DA-11-173-AMC-180 WC 846 


Propellant 


The Army continued the development effort in 1965 by asking 

the three propellant producers to submit other candidate propellants 
for evaluation. Olin Mathieson responded that it did not desire to 
change the chemical composition of WC 846 at that tine, 7 
Remington Arms submitted a propellant designated Experimental (EX) 
8208, which was an IMR base grain composition coated with the same 
polymer type deterrent as IMR 8138-M propellant used in 7.62mm M80 
cartridge loading. 6/0 Hercules recommended its propellant НРС-11. 


Tests of the experimental propellants conducted by Colts Inc. 


provided the following information: 


74. МЕК, Frankford Arsenal, 11 Dec 64, sub: Cartridge 5.56mm. 
75. Ltr, Olin Mathieson Corporation, 7 Jun 65. 
76. Ltr, Dupont Company, 6 Apr 65. 
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1. The test sample containing EX 8208 propellant | 
gave generally satisfactory performance in М16 rifles, | 
both with the present standard buffer and with the 
experimental buffer being evaluated for use in the М16- 

ХМ16Е1, With the standard buffer, however, the upper 
| limit of 850 rounds per minute was occasionally exceeded. 


' 2. The test sample containing НРС-11 propellant 

| gave evidence of producing insufficient operating energy 
for reliable gun functioning. In all other respects, 
its performance was very satisfactory. 


3. The control sample containing WC 846 gave exces- 
sively high cyclic rates of fire when the standard buffer 
was used. With the experimental buffer assembly, the 
cyclic rates of fire were sat is factory. I 
Further problems involving the 5.5 6mm ammunition propellants 


were identified by Headquarters, USAMUCOM, on 24 March. "In 


addition to rifle cyclic rate variations with type of propellant, 


we are concerned with questions of whether ball propellant causes 
excessive fouling and whether muzzle velocity in the test barrel 


is meaningful in terms of velocity in the M16 rifle / A test 


barrel of а given size, such as 5.56mm, will not duplicate all 


| ballistic characteristics of each weapon of that size. 


The USAMUCOM propellant evaluation condusted by Frankford 


«= ав * rn 


Arsenal was concluded on 5 May 1966 with a recommendation that the 


t EO 


Ж ` Dupont propellant EX 8208 (soon to be identified as IMR 8208M) be 
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" 77. Test Rpt, Colt's Inc., 23 Mar 66, sub: Test of Experimental 
— Propellants for 5,5 бют M193 Bali Ammunition in M16 Rifles. 
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: 78. Ltr and MFR, HQ 05АМ СОН, 24 Mar 64, sub: Propellants for 
a | 5.56mm M193 Ball and M196 Tracer Cartridges. 
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approved for use in 5.56mm ball M193 and tracer M196 cartridges. 
The Frankford Arsenal proposal was approved by the Project Manager 
17 Мау 1966,79/ 

1 The Project Manager briefed the Commanding General, USAMC, 


\ and representatives from ODCSLOG 8 December 1966 on the detailed 


analysis of the ammunition development program for the M16 rifle. 
The ODCSLOG representative forwarded a memorandum to the Chief of 
Staff, Army, which summarized key subjects of the briefing. 897 


. . . The original technical data, procured from 
Remington, for the ammunition specified a mean velocity 
of 3,250 f.p.s. and a mean chamber pressure not to ex- 
ceed 52,000 pounds p.s.i. The problem, which developed 
when the Army attempted to procure ammunition ín volume, 
was that IMR powder could not consistently develop the 
3,250 = 40 Ғ.р.в. without exceeding the chamber pressure 
limitation. In June 1963, the ARL5 Technical Coordi- 
nating Committee took this matter under consideration 
but rejected, unanimously, any reduction of the 3,250 
f.p.s. requirement. . . Dupont has developed a new 
IMR type of power and, after testing, the Army has pro- 
cured one million pounds. First shipments (to cartridge 
producers) were made in October. Initial reports suggest 
the same old problem, and waivers of 50 f.p.s. have had 
to be granted in two lots. 


At the conclusion of the díscussion, CG, USAMC directed that 
the Project Manager take the following action: 


Come to grips at an early date with the 3,250 
f.p.s. requirement, 


79. Ltr, Frankford Arsenal, 5 May 66, sub: Request for Con- 
сиккепсе with lst Ind, Project Manager, 17 May 66. 


80, Memo, ODCSLOG, 12 Dec 66, sub: М16Е1 Rifle Ammunition. 
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Introduce the new buffer (to reduce the cyclic 
rate) into production as soon as possible. 


Develop a plan to procure the necessary new 
buffers and retrofit all rifles in the hands of 
troops. 


The ODCSLOG was required to provide the Chief of Staff a 


monthly progress report. 


Laboratories (BRL) .S1/ 


1. Since the inception of military interest in 
the 5.56mm (cal ,223) cartridge, the velocity require- 
ment for the ball cartridge has been 3,250 Е 40 f.p.s. 
instrumental at 15 feet from the muzzle when fired from 
an ammunition test barrel, This requirement, and the 
related requirement that the average peak chamber 
pressure not exceed 52,000 p.s.i. has created a near 
sole-source situation for propellant supply, although 
repeated attempts have been made to utilize propellant 
from other sources, 


2. This Office is considering a reduction in the 
velocity requirement for 5.56mm ammunition as a means 
of expanding the procurement base for propellant, It 
is anticipated at this time that a velocity reduction 
on the order of 50 to 100 f.p.s. would be required, 
although the exact magnitude of the reduction depends 
on a number of factors and has not yet been established. 


3. On being advised recently of this contemplated 
action, the Commanding General, AMC, expressed some 
concern about the possible adverse effect of the pro- 
posed change on the exterior- and terminal-ballistic 
performance. In particular, he questioned the effect 
of such a change on accuracy and lethality. We have 


авж 81. Тег, Project Manager Rifles to USABRL, 14 Dec 66, sub: 
шы 5) Velocity for 3.5 6 Ball Ammunition. 


The Project Manager wrote the U,S, Army Ballistics Research 
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assured him that there is о reason to expect any 
degradation in accuracy from a velocity change of the 
anticipated magnitude, either from test data available 
on this particular cartridge or from related experience 
with similar ammunition, Since the velocity retarda- 
tion of the M193 bullet near the muzzle is about 4 
f.p.s. per yard of range, a reduction in muzzle 
velocity of 50 f. p. s. would shorten the range for 
equivalent terminal effect by about 13 yards, i.e., x 
whatever its terminal effects are now at a range of, 
say, 400 yards, those same effects could be expected 
at approximately 387 yards if the muzzle velocity were . i 
reduced 50 f.p.s. In response to another question, he 
was advised that no appreciable effect on aerodynamic 
stability would be expected in consequence of a velocity 
reduction of the contemplated magnitude, 
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4. Your comments on the validity of the conclu- 
sions described in para 3, above, or on any other 
possible adverse effect of the proposed velocity 
reduction on exterior- and terminal-ballistic per- 
formance are requested, at your earliest convenience, 


On 4 January 1967, the Project Manager, Rifles, submitted the 


First Report on Proposed Product Improvements for the ХМ16Е1 rifle 


— . —— . j 


апі 5.56 mm ammunition, He reported: 


| As soon аз BRL's comments have been received, 
I . the Joint Services Technical Committee will be 
| briefed on the problems in propellant supply created 


.2,5% 6, کے کي ر یگ چ د کو 


by the current interior-ballistic requirements for 

5.56mm ammunition and the changes in performance 

. 427; which would result from а permanent velocity reduc- 

ў и tion. The advanced concurrence of all four services 
| | in a velocity reduction will be requested in the 

event such a reduction proves to be the only alter- 

native to a sole-source propellant supply situation. 
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х In event a permanent reduction in the velocity 

1 . requirements for 5.56mm ammunition may become necessary, 
dix qu the U.S. Army Ballistics Research Laboratories have been 
pue. + requested to assess the effects on exterior- and ter- 
ЗЮ minal-ballistic performance. This report is expected 

| a to be forwarded to AMC by 15 January 1967. 
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The Ballistics Research Laboratories responsed on 10 January 
196 782/ , . . "Conclusions in paragraph three of referenced letter 
are valid and are applicable to dispersion, stability, and terminal 
effectiveness against personnel and hard targets." 

А review of the records available indicates no further re- 
porting or action on this matter until 19 October 1967, when the 
Commanding General, AMC, again brought up the 50 f.p.s. reduction 
in muzzle velocity in hís report to the Chief of Staff. 

The Office of the Project Manager, Rifles, was queried by the 
M16 Rifle Review Panel to determine the status of this matter in 
March 1968, fifteen months after the original question was raised, 
The matter is now considered by the Project Manager to be termin- 
ated since incorporation of the new buffer precludes the use of 
IMR 8208M powder with ball ammunition. 

The two government-owned commercially-operated (GOCO) ammuni- 
tion loading plants at Lake City (LCAAP) and Twin Cities (TCAAP) 
began loading with IMR propellant 8208M during late 1966 and early 
1967, The initial nineteen propellant lots supplied by Dupont 
showed little improvement over previous IMR propellant, insofar as 
meeting the velocity-chamber pressure specifications. In addition, 


certain propellant lots failed to pass the 1,000-round fouling test 


82. UNCLAS Msg, APG 0420 for AMCPM, Rifles, 1015082 Jan 67, sub: 
Velocity for 5.5 6mm Ball Ammunition. 
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when loaded in cartridges. Dupont initiated a modification in its 
propellant process with lot number 20, which proved to be success- 
ful in meeting the velocity-chamber pressure requirements. / By 
21 July 1967, the loadings of IMR 8208M at the GOCO plants were as 


follows: 


Cartridge Total Quantity 


(millions) 

M193 19.0 

M196 57.5 

ТСААР M193 130.2 

ТСААР M193 11.3 
As а result of test and field reports of excessive fouling 
with 5,56mm ammunition, an additional fouling test was directed 

on 21 November 1967 by the Commanding General, АМС, The test plan 


required a 1,000-round fouling test on each lot of cartridges with 


all testing to be conducted at Lake City Army Ammunition Plant .84/ 


An evaluation of the Dupont propellants, illustrating the 
velocity-chamber pressure relationship of the three Dupont pro- 
pellants and Olin Mathieson WC 846 ball propellant are shown 
„graphically on Figure 4-1. Note that the velocity/pressure rela- 


tionship of the Dupont propellants is approaching that of ball 


83. Memo, ODCSLOG, 22 Mar 67, sub: М16А1 Rifle Ammunition, 


84. DF, HQ USAMUCOM, 22 Nov 67, sub: 1,000-Round Fouling Tests. 
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propellant through this evolution. The points plotted on the 


pressure levels of machine-loaded ammunition samples, purchased 

from Remington Arms, for the purpose of evaluating the respective 
propellants. The lines through these points represent the velocity/ 
pressure gradient for each of the propellants, which is determined by 


hand loading cartridges with carefully weighed charges of each pro- 


pellant type, and measuring the velocities and pressures produced 


velocity-chamber pressure curves represent the actual velocity and 
by each hand loaded sample. 


In October 1967, testing of the ХМ177Е2 (CAR-15) submachine 


gun and later the M16 rifle, revealed that the use of WC 846 ball 


propellant in tracer M196 cartridges was responsible for bullet 


breakup, Consequently, on 6 December 1967, Frankford Arsenal 


directed that propellant WC 846 no longer be loaded in the tracer 
85/ 


M196 cartridge. 


During the WSEG test of the M16 rifle, conducted in Panama in 


January 1968, it was determined that the use of IMR 8208M propellant 


in ball ammunition contributed to increased malfunctions. A 


temporary suspension of loading ball cartridges with IMR 8208M 


propellant was therefore directed by the Department of Defense. 


(This test is discussed in Appendix 6.) History of changes to 


specifications of 5.56mm ball cartridge is at inclosure 4-2, 


Š 85. Msg, Co Frankford Arsenal, 6 Dec 67, sub: Cartridge, Tracer, 
M196, 5,56mm. 
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Improvment Efforts 

The Army Chief of Staff announced guidance pertaining to the 
Army Small Arms Program by memorandum ог 8 March 1967.86/ The 
purpose was to reorient the Army Small Arms Program to a more 
deliberate approach in concurrent areas of investigation and 
development, Two such areas listed in the memorandum were: 

Improvement in design and performance of the 

Army's current (M16 rifle-M14 rifle) small arms 

system, within existing technology, to increase 

effectiveness, 

The program should relate to more than one 

time frame and include efforts to improve existing 

standard systems (M16 rifle-M14 rifle) . . . . 

Consequently, USAMUCOM and Frankford Arsenal reoriented and 
expanded the ammunition program in their Research and Technology 
Resume. This resume, submitted to the Chief Research and Develop- 
ment on 15 October 1957,27 provided for effort in three areas: 

1. Research in common studies applied to systems analysis, 
interior, exterior wound and terminal ballistics, simulation, 


materiel, tracer, and instrumentation. 


2. Concept feasibility studies to evaluate concepts prior to 


. initiation of exploratory development. 


86. CSM 67-96, 8 Mar 67. 


87. Research and Technology Resume, USAMUCOM-Frankford Arsenal, 


15 Oct 67, sub: Ammunition, Explosives and Pyrotechnics, Ballistics, 


Armor. 
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3. Exploratory development of rifle, pistol, machine gun, 

H 

and shotgun ammunition. 4 
$ 

Further, the Research and Technology Resume outlined a series of 


tasks to be undertaken through FY 1970, In part, these are: 


Definition of optimum values of weapon and ammunition vari- 


АМЛАХ це Cine езе уз < 


ables. 
Study of propellants, primers, erosion, flash, smoke, and 


primer-propellant interface problems, to include: 
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Interior ballistic theory 


Propellant development for increased velocity 
| | New propellant ingredients 


à Temperature coefficients 
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Improvement in exist ing instrumentation and development of 


new instrumentation techniques. This includes the development of 


KS u 


reliable gages to measure chamber pressure-time curves within 
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| 
| 
| 1 percent. 
Initiation of а general study to simulate the behavior of 
complex weapon and ammunition systems by computer methods in an 


attempt to isolate the physical basis for some of the current 
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interface problems, This study is expected to provide data on the 
behavior of the cartridge case, primer, propellant, bolt, and 


gas system, 
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The Commanding General, USAMC, informed the Chíef of Staff, 
Army, of the formation otf a USAMC Executive Committee .88/ Thís 
committee will provide the framework for an integrated weapon 
system approach to the remaining M16 rifle problems, The Project 
Manager is Chairman, and the committee includes a representative 
of USAWECOM, USAMUCOM, Frankford Arsenal, USATECOM, and the 
Ballistic Research Laboratories, Major tasks have been assigned 
by the Project Manager, Rifles, to members of the executive 
committee. (See Figure 4-2.) Members are presently developing 
a time-phased, costed program for the accomplishment of each of 


the major tasks. 


88. 


Ltr, CG USAMC to CofSA, 27 Feb 68. 
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Figure 4-2 -- INTEGRATED APPROACH TO M16 WEAPON SYSTEM PROBLEMS: 
TASK ASSIGNMENTS BY THE М16 EXECUTIVE COMMITTEE 


Agency with 


f Task Principal, Responsibility 
1 ! 
| Compatibility investigation of USATECOM 


4 ра11-1 tracer ammunition mix 
fired in current rifle. 


Analysis of existing test and BRL 
acceptance inspection data 


Review of specifications BRL 


Development of improved instru- Frankford Arsenal 
mentation-techniques for engineer- 
ing-type tests and acceptance tests 


Interior ballistic-kinematic studies BRL 
Development of mathematic model to Frankford Arsenal ! 


simulate internal functioning of the 
weapon system 


Investigation of design approaches USAWECOM 
to reduce sensitivity of weapons 
to ammunition variability 


Investigation of design approach to Frankford Arsenal 
minimize ammunition variability 


Establishment of system operational USATECOM 
reliability goals 
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Р, History of Special Ammunition 


Tracer Ammunition, M196 


The initial Army specification for the tracer cartridge, | 
5.56mm, M196 was dated 17 March 1964, Significant changes in | 
requirements from the ball cartridge, 5.56mm, M193, were the | 

. f relaxation of accuracy from 2 inches at 200 yards to 5 inches | 
at 200 yards and the reduction of velocity from 3,250 = 40 feet | 
per second Ёо 3,200 + 40 feet per second. Тһе reduction of 


velocity was determined by Frankford Arsenal to provide the best 


exterior ballistics match with the ball M193 cartridge. The ге- 
quirement for visible tracer was establisted to be over a range of 
75 to 500 yards / 
Smal] amounts of tracer ammunition were produced by Remington 
Arms Company in 1962 for use by Cooper-MacDonald in tests and 
demonstrations. Wo specification was availabie for this ammunition 
and the design which Remington followed was generally patterned 
after the design for the 7.62mm and caliber .30 tracer ammunition, 
Frankford Arsenal reported that limited tests, which were run on the 
ЕЕ 5.64 (5.56mm) tracer cartridge, proved that the 
experimental bullet used the same tracer and igniter mixes as those 


used in the 7. 62m M62 tracer cartridge, but the proportion of 


tracer igniter weight to total bullet weight was significantly 


89. MIL-C-6011(MU), Cartridges 5.56mm, Tracer, M196, 17 Mar 64. 
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lower than that of the M62 cartridge. 22/ Accuracy of the experi- 


“> 


mental bullet appeared to be superior to that of the M62; however, : 


USATECOM believed that the experimental cartridge might nc have 


conditions. On 18 July 1963, Frankford Arsenal requested test 


| had enough tracer mix to provide satisfactory visibility under all 
u ' 
| samples of tracer ammunition for which it could develop specifica- 
tions. 
In conjunction with the development of the specifications, the 
Commanding General, USACDC, expressed a desire that the tracer be 
comparable to the M62 7. 62m cartridge in order that the 5.56mm 
tracer might be used to designate targets for machine gunners to 
the maximum effective range to which the machine gun fire could be 
accurately controlled under conditions of low visibility У The 
minimum requirements, however, were stated as a tracer visible to 
the naked eye to a range of 400 meters. No requirement for dim 
and bright tracers, or for color and brightness, were established 
by USACDC. The Air Force submitted a stated requirement that the 
tracer ammunition should trace to 500 yards, with a minimum ballis- 


tic шаа R 22 


90. Memo for Record, USAMUCOM, 22 Jan 63, sub: Meeting at U.S.A. 
Test and Evaluation Command on Small Caliber Rifle Test Results, 
16 January 1963. 


91, Msg, CG USACDC to CG USAWECOM (CDCMR-W-S-289), 23 Aug 63. 


92. Ltr, Hill AF Base to CG USAMUCOM, 13 Sep 63, sub: Air Force 
Military Characteristics for ARI5 Rifle Ammunition. 


Frankford Arsenal, with the cooperation of technical represen- 


tatives from Remington Arms Company, Inc., and Colt‘s fnec., developed 
a technical data package and military specifications. The cartridge 
underwent a service test during the period May 1964 through 23 
March 196523/ and was classified as Standard A for temperate | 
(intermediate climate) use in January 1965. The Arctic winter 
testing (15 October 1964 to 23 March 1965) was in progress at the | 
time of type classification action but in this test it was found 
that although the functioning and ballistic properties of the саг- 
tridge were satisfactory, the reliability of tracer ignition 
decreased markedly at 32° Fahrenheit and below. 

Corrective action was undertaken by Frankford Arsenal and 
in December 1965 a sample of cartridges was forwarded to the U.S. 
Army Arctic Test Center for a check test. Tests were conducted 
йй ДЕ the winter of 1965-66 to determine whether the previously 
reported unreliable ignition had been corrected and to confirm 
other performance characteristics, including the effect of Arctic 


winter temperatures on accuracy, dispersion, and weapon functioning 24/ 


93. Service Plan of Test of Cartridge, Tracer, 5. 56mm, XII 96, 
U.S. Army Infantry Board (USAIB Project 3068), Jan 65. 
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94, Ltr, USATECOM, 12 Apr 66, sub: Final Report of Check Test of 
Cartridge, Tracer, 5.56mm, ХМ196, Under Arctic Conditions, USATECOM 


Аз a result of these tests it was determined that the previously 
f 
| 

Project 8-4-0210-09. 
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corrected, and that the test cartridge was satisfactory with 
respect to accuracy, reliability, and its effect upon weapon 
functioning. 

During the course of the Small Arms Weapon Study, there were 

. | reports that riflemen firing both the 7.62mm and 5.56mm tracers in 
daylight could not see their own tracers, although their tracers . 
were visible to observes stationed nearby оп either flank .95/ 
The Project Manager suggested to the Commanding Officer, U.S, Army 
Human Engineering Laboratories (HEL), that two circumstances might 
account for the reported observations: 
If the weapon is being aimed with the sights 
at the time of firing, the reaction of the man/weapon 
to recoil forces may temporarily interpose the 


| weapon in the gunner's line of sight, causing him 
to lose sight of the tracer in daylight conditions. 


` experienced unreliable tracer ignition had been satisfactorily 
| 
| 


To the gunner, tracer light output possibly 
appears to originate more nearly from a point source, 
whereas it may appear as a streak when viewed from 
an angle, 


1 

i | HEL replied that the above hypotheses might be correct, but 
t 
р 

96/ 


insufficient data were available to give a positive answer 


Early in 1967, the Project Manager received several reports 


from the field stating that the bores of M16 and M16Al rifles were 


Пи 95, SAWS Test Report, 1966. 


ls бо 96. Ltr, U.S, Army Human Engineering Laboratories, 7 Mar 67, 
ГИС sub: Visibility of 7.62mm and 5.56mm Tracers. 
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unusually difficult or even impossible to clean after tracer ammuni- 


tion had been fired .22/ The Commanding General, USAMUCOM, requested 
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Frankford Arsenal to include a comparative evaluation of bore fouling 
| from both ball and tracer ammunition to the 5.56mm propellant 
monthly fouling program. Frankford Arsenal advised USAMUCOM on 
20 June 1967 that bore fouling observations had been incorporated 
into the monthly fouling test 20! Frankford Arsenal asked USATECOM 
and all plants producing ball and tracer ammunition to report their 
observations on bore fouling produced by these two types of ammuni- 


tion. ТЕ was the general opinion, based on limited observation, that 


ЕЧ 


no noticeable increase іп bore fouling was evident during production 


control testing; it was generally felt, however, that tracer ammuni- 


The Project Manager also received reports of a high buildup of 


gilding metal in the barrel of the M16 Rifle when tracer ammunition 


Notte 


| 

і 

i 

! 

| 

| 
tion exhibited а greater degree of fouling in the bolt assembly area. Í 
especially in a hot barrel, bullet-jacket material (metal fouling) 


| . was being 486427 When a great deal of tracer ammunition is used, 
| 


x. G 


forms in the rifling grooves of the barrel. The Project Manager 


97. Ltr, Project Manager, Rifles to CG USAMUCOM, 3 May 67, 
4 sub; 5.56mm М196 Tracer Ammunition. 
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98, Incl 2, to Ltr, Project Manager, Rifles, to CF USAMUCOM, 
3 May 67, sub: 5.56mm M196 Tracer Ammunition 


99, Ltr, Project Manager, Rifles, to CG, Fort Polk, 5 Jul 67, 
sub: Tracer Ammunition, 
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pointed out that small arms tracer ammunition was intended as a 
special purpose round to make a pyrotechnic display for marking 


targets by rifle fire and for observing the trajectory in order to 


Manager added, tracer was ordinarily fired only occasionally: in 
. \ rifles and heretofore had caused no problems in the maintenance of 
rifles. The primary method for preventing the buildup of gilding 


metal in the bore of the rifle was to restrict the use of tracer 


— pryw ronn та 


ammunition and to clean the bore thoroughly after firing. Lack of 


ee E E 


cleaning of the bore would cause the bore to pit and would acceler- 


ют | 
v t К Ui i 
adjust the fire of automatic weapons. In these roles, the Project 

ate the builup of gilding metal. As a result of the problem of 
( p: metal fouling, the Project Manager requested the Commanding 


100 
General, USAMUCON 1997... test and evaluate, as part of an existing 


program, the comparative effect of gilding metal clad-steel (GMCS) 
bullet jackets on the rate of copper accumulation in the bore. 

Frankford Arsenal, after preliminary testing, reported that there 
were no significant effects of the GMCS jacket upon barrel 3 
erosion or metal fouling.—— 101/ 1 
4 
4 
É . 100. Ltr, Project Manager, Rifles, to CG, USAMUCOM, 16 Aug 67, 5 
et : sub: Gilding Metal Foul ing in М16-М16А1 Rifle Barrels. à 
DIE 101. 2d Ind, 14 Sep 67, to Ltr, Project Manager, Rifles, to 4 
юэ? CG, USAMUCOM, 16 Aug 67, sub: Gilding Metal Fouling in М16-М16А1 A 
1 Rifle Barrels. k: 
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Interior Ballistic Mismatch. The Project Manager, Rifles, 
was aware of an interior ballistic mismatch problem on 5.56mm 
ammunition issued prior to 21 December 1965, His memorandum of 
22 December stated: "It has been established also that the 
functioning differences induced by one of the approved propellant 
types are directly related to an increased number of weapon 


' : 102 
mal func tions ,"192/ This problem came up again during the USACDCEC 


SAWS experiment and appeared in SANS! final report, 


103 
In response to the Chief of geste eel DCSLOG requested the 


comments of USAMC on the "mismatch between ball cartridges (loaded 
with ball powder) and tracer cartridges (loaded with a different 
powder) with respect to effect on weapon cyclic rate and reliable 
weapon functioning in the М16Е1 rifle and developmental 5.56mm 


»104/ DCSLOG also asked for the planned corrective 


machine gun. 
action "if indicated." 
The Project Manager's response to DCSLOG's request identified 


the differences in internal ballistic parameters of 5.56mm ammuni- 


tion and compared these differences with 7.62mm and caliber .30 


102. Memo, Project Manager, 22 Dec 65, sub: Feeder Submission 
for Letter to USAMUCOM. 


+ 


103. Chief of Staff Memorandum (CSM) 66-485. 


104. Ltr, DCSLOG, 29 Nov 66, sub: 5.56mm Ammunition, 
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аваша ep an 1937 The mismatch was greatest in caliber .30, somewhat 


less in 7.62mm, and least of all in 5.56mm ammunition. These comments 
referred to tracer ammunition loaded with IMR powder as compared with 


ball ammunition loaded with ball powder. The Project Manager also | 


identified test procedures where by at least 720 rounds of tracer 


from each lot are test fired. No ammunition-induced gun stoppage is 
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I 
| 
| allowed. Based оп these data the Project Manager recommended that | 
: no change be made in the present 5.56mm ammunition to reduce ball- | 
istic mismatch, 
In November 1967, a special test was conducted on 5.56mm tracer : 
| ; ammunition loaded with ball propellant. This test confirmed projectile 
breakup and verified that firing pure tracer results in gilding metal 
deposits in the bore of the weapon. These tests resulted in the 
suspension of all lots of tracer ammunition loaded with ball 


propellant. 


In December 1967, the M16 Rifle Review Pancl requested a 


i 

| 

3 | recapitulation of all 5.56mm tracer ammunition by propellant type 
| produced in 1966-67. The response showed that during the year 


preceding the Project Manager's report, 39 million rounds of tracer 


. ammunition were produced with ball propellant. This amounted to 


57.4 percent of the 1966 production. During the 22-month period 


105. Rpt, Project Manager, 31 Jan 67, sub: А Review of 
Differences in Interior Ballistics Between Ball and Tracer Cartridges, 
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preceding the decision to suspend tracer ammunition loaded with ball 


106/ 


propellant, 74.6 million rounds were produced. 
Tracer Lethality. The question of the comparative lethality of 
the M193 ball cartridge and the M196 tracer cartridge was first 


raised by the Commanding General, United States Army, Víetnam (USARV), à 
107 | 
to the Commanding General, USAMUCOM, on 3 August 1967. / The 


USAMUCOM response to USARV stated: 


No tests of lethality have been conducted on the 
5.56mm M196 tracer cartridge, nor have lethality tests 
been conducted on other standard tracers such as the 
7.62mm M62. The best estimate available from wound 
ballistics experts is that the 5.56mm tracer bullet 
should be essentially as lethal as the 5.56mm ball 
bullet for all rifle ranges (400 meters or less). А 
program has been initiated to obtain acutual test data I 
to validate the est ima te 


The Commanding General, USAMUCOM, stated to USARV: 


Preliminary results of the program to obtain 
actual wound ballistics data for (M16 tracer ammunition) 
evaluation have been received. These data indicate an 
average of 27 percent reduction in the probability of 


incapacitation (Рр ) with the M196 tracer cartridge 
than of the M193 ball cartridge .109/ 


106. Rpt, Special Asst Ко ODCSLOG (P&B) for M16 Rifle Matters, 55% 
11 Jan 68. 


- | 107. uur, 3d Bn, 39th Inf, 9th Inf Div, with 3d Ind, CG, USARV, : 
| : 3 Aug 67, sub: Evaluation of М16 Tracer Ammunition. 


pe 108. 4th Ind to Ltr, 3d Bn, 39th Inf, 9th Inf Div, with 3d Ind 
Ч CG, USARV, 3 Aug 67, sub: Evaluation of M16 Tracer Ammunition. 


109. Msg, Сб, USAMUCOM (AMSMU-RE-M 11-1071), 15 Nov 67, sub: x 
Evaluation of M16 Tracer Ammunition. 3 


Frankford Arsenal and the Sallistics Research Laboratories 
are now conducting further testing and evaluation for the purpose 
of confirming the data provided to the Commanding General, USARV. 

Bullet Breakup. The first report to make reference to bullet 
breakup, or bullet jacket separation, was made on 29 April 1966 
during the Small Arms Weapon Study test and involved a Stoner 
machine gun and 5,56mm M196 tracer ammunition. The Project Manager 
forwarded this report, with photographs, to the Commanding Officer, 
Frankford Arsenal, requesting comments on the probable weapon and 
ammunition design characteristics that could be causing or contri- 
buting to bullet breakup 1107 

The Frankford Arsenal reply on 16 May 1966 indicated that the 
most probable cause, based on previous experiences, was the use of 


11/ 


excessively worn barrels 215 Other possible causes were: 
inadequate or improper consolidation of tracer mix; breakage of 
tracer column during bullet resizing; or discrepancies in the 
bullet jacket. 


Frankford Arsenal advised the Project Manager that further 


findings or evaluations of this malfunction would be provided, 


110. Ltr, Project Manager, 29 Apr 66, sub: SAWS Program/5.56mm 
Tracer Cartridge. 


111. Ist Ind to Ltr, Project Manager, 29 Apr 66, sub: SAWS 
Program 5.56mm Tracer Cartridge. 
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There were apparently по further reports of bullet breakup 
until USATECOM tested the ХМ177Е2 (CAR15) submachine gun in 
October and November 1967, when this malfunction was again 
observed in the firing of tracer ammunition loaded with WC 846 
ball propellant ,12/ Confirmation of these data resulted in the 
decision by Frankford Arsenal to discontinue loading M196 cartridges 
with the ball (WC 846) propellant. 

Armor-Piercing Cartridges 

A requirement for developing a 5.56mm Armor-Piercing cartridge 
was proposed by the Commanding General, USAMUCOM, to the Command- 
ing Officer, Frankford Arsenal, 12 October 1964 ,133/ USAMUCOM 
pointed out that the inferior penetration performance of 5.56mm 


M193 ball cartridges at ranges exceeding 400 meters suggested that 


а 5,56mm armor-piercing cartridge might offer significant tactical 
advantages over the M193, particulary in weapons filling the squad 
automatic rifle and general machine gun roles. On the basis of 
MUCOM recommendation, Frankford Arsenal conducted a preliminary 


investigation of the feasibility of developing an armor-piercing 


cartridge for the M16 rifle. Advising USAMUCOM of the difficulty M 


112. Msg (R131803), Project Manager, Rifles, 22 Dec 57, sub: 
Special Study of High Temperature Bore Fouling with Tracer Ammunition- 
USATECOM. 
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113. Ltr, На, USAMUCOM to CO, Frankford Arsenal, 12 Oct 64, sub: 
Investigation of 5.56mm Armor-Piercing Cartridges. 
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of meeting both lethality and penetration requirements at the 

same time, Frankford Arsenal submitted a plan to develop both 

an armor-piercing and a multipurpose cartridge. The U.S. Army 
Combat Developments Command Infantry Agency supported the need for 
an armor-piercing cartridge but requested further information 
concerning the proposed multipurpose cartridge. As a result of 
USACDC interest in the armor-piercing ammunition, the Commanding 
General, USAMUCOM, on 14 December 1965, directed the Commanding 
Officer, Frankford Arsenal, to prepare a draft Small Development 


Requirement (SDR) for a 5.56mm armor-piercing cartride for the 


8 114 
M16 rifle, H nich was forwarded to USAMUCOM on 1 February 1966.115/ 


USAMUCOM reviewed the proposal and, оп the basis of the reduced 
lethality that would result from the armor-piercing round, 
terminated the SDR. 
Grenade Cartridge, XM195 

Rifle grenades were satisfactorily fired from the ARIS during 


1959 through 19 «sting and demonstrations, using a grenade 


cartridge developed by Remington Arms Company. Drawings of the 


114. Ist Ind, HQ USAMUCOM to CO, Frankford Arsenal, 14 Dec 65, 
to Ltr, Project Manager, Rifles, 1 Nov 65, sub: Investigation of 
5.56mm Armor-Piercing Cartridges, 


115. 2d Ind, HQ Frankford Arsenal, 1 Feb 66, to Ltr, Project 
Manager, Rifl2s, 1 Nov 65, sub: Investigation of 5.56mm Armor- 
Piercing Carcridges. 
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grenade cartridge were furnished to Frankford Arsenal 7 August 1962, 
along with the statement that a substantial amount of additional 
development and test work would be required. 

The Army did not establish initially a requirement for a grenade 

116 

ea but Frankford Arsenal developed a plan in October 1963 
to test the existing commercial caliber . 223 grenade cartridge. The 
proposed characteristics specified that the cartridge propel the M28 
rifle grenade to a range of at least 150 yeards and that the 
cartridge be suitable for launching rifle signals and flares. 

Frankford Arsenal commented on these characteristics: 

It is estimated that a maximum range between 130 and 

150 yards can be attained within the limiting parameter of 

the propellant capacity of the cartridge case. The effect 

of the gas pressure on the recoiling parts of the weapon 

might impose, чех values from the viewpoint of weapon 

durability —— 

The Project Manager at first wished to develop one cartridge 
that would serve as both a blank and a grenade cartridge .118/ 


Frankford Arsenal, however, pointed out, that because the character- 


istics of the two cartridges were different, some compromise would 


116. Msg TTO0152, CG, USAWECOM, to CG, USAMUCOM, 3 Sep 63. 
7117. Ltr, Frankford Arsenal, 8 Aug 63, sub: Estimated Schedules 


for Preparation of Test Quantities of 5.56mm Special-Purpose Ammuni- 
tion. 


for 5.56mm (АК15) Ammunition. 


118. Ltr, Frankford Arsenal, 27 Sep 63, sub: Engineering Program 
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be necessary in the performance of each role of such а dual- 
purpose cartridge. The Project Manager agreed with Frankford 
Arsenal and work on separate cartridges proceeded. 

Because of the developmental work on Colt's XM148 Grenade 
Launcher, which fired the 40mm grenade, the Army did not establish 
a requirement for a grenade launching round, although Frankford 
Arsenal did continue with developmental work, A limited quantity 
of grenade cartridges were procured for test purposes during the 
period 1963-66. 

The Air Force reques*ed USAMUCOM in January 1966 to prepare а 
technical data package for a grenade cartridge so that the Air 
Force could competitively procure a quantity to meet its require- 
ments for launching all types of grenades from the M16 11 619.7 
USAMUCOM provided the data that it had developed. 

During the Technical Coordinating Meeting in March 1967, 
representatives from the Department of the Army and Combat Develop- 
ments Command were asked if there was any forecast on future 

120/ 


requirements for the rifle grenade cartridge XM195.— The 


Army responded that the present Vietnam requirement.was a limited 
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119. Min, Rifle Techrical Coordinating Committee Meeting, 
12-13 Jan 66. 


120. Min, Technical Coordinating Committee Meeting, 2 Mar 67. 
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one, based only on the use of rifle-launched pyrotechnic flares 
and signals as temporary expedients, and that there was no need 
to develop further the XM195 cartridge with a view toward 
standardization at that time, The Army reaffirmed this opinion 
at the 17 November 1967 meeting. 

Limited quantities of XM195 grenade cartridges (500,000 rounds) 


have been procured to meet the requirements in Vietnam under the : 


military specification MIL-C-60537 (MU) dated 23 August 1967, 


Two additional special types of cartridges have been developed 
for the М16 rifle - the blank cartridge and the reference cartridge. 
The history of the development and the distribution of the blank 


cartridge is contained in inclosure 4-3, Because the reference 
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cartridge is used only in the production and acceptance phase of 


the rifle, its development and distribution history is not included 


here. 
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С. Conclusions 
The technical data package for 5.56mm ammunition has never 


Specified metallurgical requirements for the brass cartridge cases 


as was done for 7.62mm NATO ammunition. Although Army agencies, 
primarily Frankford Arsenal, have accumulated data over the years 
on which to provide a basis for the measurement and testing of 
cartridge case hardness, the establishment of mandatory controls 
over the producers was not considered necessary by the Project 
Manager. 

The evaluation of cartridges produced by the Federal Cartridge 
Company was added evidence that compulsory specifications are 
needed, 

Although the action taken by Frankford Arsenal and the Project 
Manager to remedy tle deficiency in case hardness was correct, it 
was not timely. The fact that the manufacturers could not maintain 
case hardness standards was detected after tacical units had 
experienced malfunctions, In retrospect, the decision by the 
Project Manager to exercise minimum control over the ammunition 
producer was not wise; it has been determined since that combat 
capability suffered as a consequence. А visit by members of the 
M16 Review Panel to Remington Arms Company, Inc., and Twin Cities 
GOCO plants on 11-12 March 1968 has indicated a need for further 


implementing instructions for these controls. The Project Manager 
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is taking appropriate action. 
The bullet configuration of the M193 ball cartridge was a 
compromise between the several different designs available 
during the early period of Air Force and Army procurement 
1961-64. The influence of Remington Arms in the decision 
is apparent in that as the initial producer of the 
commerical round, Remington Arms had a broader experience with 
small caliber ammunition than did the military services. It is 
understandable that Remington Arms adopted a bullet of its own 
design. 
After completion of the Frankford Arsenal ХЭЛЭЭ the 
Project Manager in 1963 requested BRL to provide a solution to 
the bullet design problem. This problem has not yet been solved. 
It would appear, in retrospect, that all concerned discounted the 
possibility of redesign of a bullet which could permit a reduction 
of minimum muzzle velocity. However, until December 1966 there 
was never any real doubt expressed that the new ІМК propellant 
could not be loaded in cartridges to meet the prescribed chamber 
pressure and velocity. шаг 
The development of the current specifications for primer 
sensitivity has been a gradual but deliberate process in which 


joint service testing of technical factors has played a major 
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role. Experience to date, including that in Southeast Asia, 
supports the contention that the primer sensitivity limits that 


were established continue to be the most efficient available for 


compatibility between the M16 rifle and 5.56mm ammunition, 


The overall primer development has failed, however, to 
standardize the basic design of the primer. Contrary to the 
requirements for 7.62mm ammunition, which specifies that the FA34 
Primer is mandatory, no attempt has been made to standardize one 
t: 2 of primer for 5.56mm ammunition. At least three primers are 
being used in 1968 which could be responsible, in part, for 
inconsistencies in performance of ammunition from differenct 
producers and could contribute to the excessive fouling problem, 

After production of the rifle and ammunition had commenced in 
quantity, any decision for a major change of either bullet design 
or barrel twist would have a major impact on logistics. If 
development and testing should establish a need to change the 
barrel twist, a barrel retrofit program would be required. A 
change in the ammunition could be accomplished by a phase-out of 
existing ammunition stocks by attrition and replenishment with 


ammunition of an improved bullet design, 
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Significant production of tracer ammunition loaded with 
ball propellant was allowed to :ontinue when information was 
available in the Office of the Project Manager, Rifles which 
indicated that tracer ammunition loaded with IMR propellant 
provided the best interior ballistic match with ball cartridges. 

À review of propellant history indicates that the availability 

| of a suitable propellant and the willingness of cartridge producers 

to load with an approved propellant have influenced the Army's 
decision as to which propellant to accept rather than which 
provellant would make the weapon function properly. 

The Project Manager, Rifles, has to date not complied with a 


December 1966 directive from the Commanding General, USAMC to 


"come to grips at an early date with the 3,250 f.p.s. velocity 


Since many tests have, been conducted to determine the compat- 


| 
| 
| 
| 
i 
| 
} 
| 
requirement" when the necessary information became available to him. x 
1 


ability of the M16 rifle and associated 5.56mm ammunition loaded 


with both propellants, it appears unusual to have recent tests 


conducted fre October 1967 through January 1968 prove finally that ^ 


tracer ammunition must be loaded only with IMR propellant and that 


ball ammunition must be loaded with ball propellant. 


4-70 


oe — Лин ИЕ I en 


СТАЛИ 
: 


¿= гй OFFICIAL USE "ET 


. 
"I" 
,, . ё , 
. 


V 

4 
Би 

У 


OF p= зү међа 


. > Cerrar pne ee аля ap 


EN OTT E O Tg eee 


ode e — жк .- 5-4 ж. 


Analysis of the Propellant Evaluation Criteria 


A new propellant necessitates a wider variety of tests than are 


run for lot-by-lot acceptance of a propellant which has already been 


approved, All of the criteria which apply to lot-by-lot acceptance 
must be met also by any new propellant. Іп addition, certain 


characteristics of a propellant which are not tested for a lot-by-lot 
acceptance are studied in some detail when a new propellant is being 
considered for qualification. The first qualification tests always 
include extensive testing of smoke, flash, and barrel-erosion, all of 
which may vary among propellants of different compositions, but none 
of which vary much among locs of the same type. Generally included 
in the first tests also are recording and analysis of pressure-time 
records, taken at the chamber and at the gas port position, and 
long-term storage tests. This procedure is complicated and lengthy, 
and is not performed for lot-by-lot acceptance of an approved pro- 
pellant. 

The principal interior ballistic measurements included in lot- 


` 


by-lot acceptance of approved propellants are chamber pressure, gas 


port pressure, and muzzle velocity. The chamber pressure is specified 


in.terms of the maximum allowable average for the peak pressure (as 
determined by a copper-crusher gage) measured on a sample of 20 
rounds. For a temperature of +70°F, this average must not exceed 


52,000 pounds per square inch, according to the propellant 
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specification for 5.56mm анна There is also а limit of 
58,000 pounds per square inch on the mean observed chamber pressure; 
it serves to limit the variation in chamber pressure and thus guards 
against excessively high pressures from individual rounds of any 


given ammunition lot. The gas port peak pressure, measured by a 


copper~crusher gage, must be within the range of 15,000 pounds per 


ballistic sample. The muzzle velocity is controlled by specifying an 
instrumental velocity at a point 15 feet from the muzzle because 
accurate measurement of velocity exactly at the muzzle is very 
difficult. The specified instrumental velocity 15 feet from the muzzle 


122 
ENS. is 3,250 plus or minus 20 feet per басова = 


| 

| 
square inch plus or minus 2,000 pounds, for the average of а 20-round 
at a temperature of | 
70°F for propellant used іп 5.56 M193 ball ammunition, and 3,200 
plus or minus 20 feet per second for M196 tracer ammunition. Pressures 
and velocities are also specified for high and low temperatures of 
firing. 

Although pressure time records are not taken for lot-by- lot 


acceptance of propellant, several factors implicitly control the 


variation in the pressure time curves of any lot which passes the 


> 121. Military specification, MIL-P-3984D, 31 Мау 67, with Amendment 
: 1, 4 Oct 67, sub: Propellants for Small Arms Ammunition. 


вэ 122. Not to be confused with the cartridge specification, which 
23 is 3,250 plus or minus 40 feet per second. 
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specified acceptance criteria, These controls include the following: 

Maximum ordinate of the pressure time curve is limited by | 
the chamber pressure criteria of the specification. (Maximum is | 
52,000 pounds per square inch by copper-crusher gage.) | 

Ordinate of the pressure time curve at the ваз port position x 
is controlled by the port pressure requirement of the specification. | 
(Range is 15,000 plus ог minus 2,000 pounds рег square inch by соррег- | 

crusher gage.) 
The area under the pressure time curve is closely limited 
: (about plus or minus 1 percent) by the velocity requirement of 3,250 
( ) plus or minus 20 feet per second. 
The base-line (total width) of the pressure time curve is 
accurately fixed by the length of the barrel. (Bullet travel is about 
18 inches.) 
The volume of the chamber (and the capacity for propellant) 
| 
{ 


is limited by the design of the weapon and the cartridge case. 


occupied by the propellant as the projectile travels to the muzzle) 


— ~= 


: is established by the chamber volume and the volume of the bore. 
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ЭЭР! Within these parameters, which are controlled by а combination of 
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The expansion ratio (a measure of the change in volume x Ч 
specification requirements and fixed dimensions of the weapon and the | 
1 


— 


cartridge, it is not possible for gross differences in the pressure 


Mer 
M lr 


time or pressure travel curves to exist among propellants. 
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ТЕ has been observed, however, that there are differences in 


performance of ammunition lots in the M16 even though gross differ- | 
ences do not exist in pressure time or pressure travel curves 123/ | 
; Investigations now in progress call for closer examination of | 
pressure time records and of the movements of gun parts during 
the operating cycle of the weapon, (See Figure 4-2.) One 
object of these investigations is to establish the correlation 
between the pressure time curve and the operating characteristics 


of the gun, in order to define more accurately the factors that 


are involved in weapon-ammunition compatibility. 


х 


123. Memo, AMCPM-RS, 22 Dec 65, sub: Feeder Submission for 
Letter to USAMUCOM; Memo, ACCSLOG (P&B)-M16, 7 Feb 68, sub: Meeting 
with Weapons System Evaluation Group. 
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24 November 1964 


26 February 1965 


April 1965 


22 November 1965 


14 February 1966 


March 1966 


2 May 1966 


1 July 1966 


14 September 1966 


23 September 1966 


Inclosure 4-3 


History of Blank Ammunition 


The history of the 5.56mm blaak round began with the award 
of a contract to Remington Ármy, Inc., for production of a proto- 
type round (XM200) on 24 November 1964, The chronological history 


of the blank round is shown below. 


Contract was awarded to Remington for 
prototype ХМ200, 


12,000 roudns were delivered to Spring- 
field Armory for tests (first sample). 


First sample was rejected. 


Draft limited procurement action was 
submitted to USAMC. 


58,000 rounds (second sample) were 
delivered to Springfield Armory. 


Test was suspended pending design and 
testing of new buffer and closed-end 
flash suppressor. The results of sub- 
stituting the new buffer and the 
closed-end “lash suppressor had to be 
determined before proceeeding with the 
blank round. 


Limited procurement approval was re- 
ceived for 4,060,000 rounds. 


Design evaluation test was completed 
at Springfield Armory. 


Springfield Armory function test was 
completed. 


Springfield Armory shipped ammunition 
to U.S, Army Test and Evaluation Com- 
mand (USATECOM) for Engineering Test 
and Service Test (ET/ST). 
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3 October 1966 Frankford Arsenal began preparation 


of technical data package, 


11 October 1966 Work directive was issued to Frank- 
ford Arsenal for 4,060,000 rounds. 


| 18 October 1966 Project Manager, Rifles, suspended 
: blank ET/ST because of higher 
priority requirements. 


2 November 1966 Frankford Arsenal completed technical 
data package. 


13 January 1967 USAWECOM received increased approval 
of 2,000,000 rounds, 


— 
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14 January 1967 Blank (without blank firing adaptor) 
safety test was initiated. 


23 January 1967 Frankford Arsenal awarded contract to 
Twin Cities Army Ammunition Plant 
(ТСААР) for 4,060,000 rounds. 


30 January 1967 Blank safety test completed. 


24 March 1967 Project Manager, Rifles, requested | 
ACSFOR to establish priority of issue 
for blank round. 


11 April 1967 USAWECOM received increased limited 
procurement approval for 500,000 rounds. 


+ 26 April 1967 Request for 60.0 million rounds 5,56mm 

i blank ХМ200 was submitted by УЗАМЕСОМ 
to ACSFOR (this in addition to the 

6.560 million rounds). 


11 July 1967 ACSFOR approved 11.9 million for 1101- 
ted procurement and requested USAMC to 
type classify the round as Standard А 


subject to single shot mode. 


July 1967 TCAAP began production of blank round, 


l August 1967 | Frankford Arsenal submitted draft 
Standard A type classification action 
to USAMC, 
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9 August 1967 Strike halted production of blank у 
round ас ТСААР, У 
13 September 1967 Initial distribution of blank round š 
made to USARPAC, USATECOM, and USA А 
Combat Developments Command Experi- : 
mentation Command (USACDCEC). | 
22 Deptember 1967 Program authority in amount of $2.9 | 
million was received by USAWECOM to : 
procure 55.7 million blank rounds. n 
30 September 1967 800,000 rounds were produced. j 
31 October 1967 700,000 rounds were produced. : 
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Supply Agency, to Olin Mathieson, 23 January 1964. 


Contract: DA-36-038-AMC-923(A), 29 January 1964. 


Memorandum, Project Manager, 30 January 1964, EY 1964 
Ammunition Procurement Program -- ХМ16Е1 Rifle. 


Letter, (AMCPM-AR15), 26 February 1964, Evaluation of 
Sierra Configuration Caliber .223 Bullet. 


lst Indorsement, Headquarters, USAMUCOM, to Commanding 
General, АМС, 3 February 1964, Small Arms Ammunition Propellants. 
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MIL-C-6011(MU), Cartridge, 5.56mm, Tracer, M196, 17 March 
1964, : 


| lst Indorsement (AMXBR-WO), 20 March 1964, to Letter (AMCPM- 
' AR15), 26 February 1964, Evaluation of Sierra Configuration 
| Caliber .223 Bullet. 


Memorandum for Record, Headquarters, USAMUCOM, 23 March 1964. 

Letter and Memorandum for Record, Headquarters, USAMUCON, ~ 
24 March 1964, Propellants for 5.56mm M193 Ball and М196 Tracer : 
Cartridges. š 


Minutes, Technical Coordinating Committee, 24-25 March 1964. 


Memorandum for Record, Headquarters, USAMUCOM, 30 March 
1964, AR15-M193 Ball Cartridge Procurement, 


Letter, Headquarters, USAMUCOM, to Commanding Officer, 
Frankford Arsenal, 12 October 1964, Investigation of 5.56mm 
42022 Armor-Piercing Cartridges. 


2nd Indorsement (AMXBR-WO), 7 April 1964, to Letter (AMCPM- : 
AR15), 26 February 1964, Evaluation of Sierra Configuration : 
. Caliber . 223 Bullet. : 
Disposition Form, Headquarters, USAMUCOM, 10 April 1964, 1 
Test and Evaluation of Alternate Propellants for Cartridge, : 
5.56тт, M193. : 
Contract: DA-36-038-AMC-922(A), 20 April 1964. 3 
Frankford Arsenal Twelfth Memorandum Report, October 1964, j 
E Measurement of Cartridge Case Hardness Patterns. : 
i 
1 


Memorandum for Record, Frankford Arsenal, 11 December 1964, 
Cartridge 5.56mm. 


Service Plan of Test of Cartridge, Tracer, 5.56mm, XM196, 
U.S. Army Infantry Board (Project 3068), January 1965. 
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Letter, Frankford Arsenal, 31 March 1965, Primer Sensi- 
tivity Limits of 5.56mm Ammunition. 


Letter, Dupont Company, 6 April 1965. 
Frankford Arsenal Fourteenth Memorandum Report оп АК15 | 
Rifle-Ammunition System - - Study of Current Primer Sensitivity 


for 5.56mm Ammunition, June 1965. 


Minutes, Technical Coordinating Committee Meeting, 3 June 
1965. 


Minutes, Technical Coordinating Committee, 3-4 June 1965. 

Letter, Olin Mathieson Corporation, 7 June 1965. 

lst Indorsement, Headquarters, USAMUCOM, to Commanding 
Officer, Frankford Arsenal, 14 December 1965, to Letter, Project 


Manager, Rifles, 1 November 1965, Investigation of 5.56mm Armor- 
Piercing Cartridges. 


Memorandum, Project Manager, 22 December 1965, Feeder Sub- 
mission for Letter to USAMUCOM. 


Small Arms Weapons Systems Test Report, 1966. 
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Report, Headquarters, USATECOM, January 1966, Analysis of 
Results of SAWS Engineering and Service Tests. 


Minutes, Rifle Technical Coordinating Committee Meeting, ; 
12-13 January 1966. 


2 

Message, Ist Logistics Command (AVL-GM 00453), 21 January E 

2 1966, Ruptured Cartridge Cases, ХМ16Е1 Rifle. i 

S š 2nd Indorsement, Headquarters, Frankford Arsenal, 1 February 3 
23 . 1966, to Letter, Project Manager, Rifles, 1 November 1965, : 
v ig : Investigation of 5.56mm Armor-Piercing Cartridges. E 
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El. c 23 
B а“ Minutes, Technical Coordinating Committee, 8 February 1966. 4 
ит : 

« ` D 

"у Test Report, Colt's Inc., 23 March 1966, Test of Experi- at 
mental Propellants for 5.56mm M193 Ball Ammunition in M16 Rifles. 4 
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Letter, USATECOM, 12 April 1966, Final Report of Check Test 
of Cartridge, Tracer, 5.56mm, XM196, Under Arctic Conditions, 
USATECOM Project 8-4-0210-09. š 


Letter, Project Manager, 29 April 1966, Small Arms Weapons 
Systems Program - - 5.56mm Tracer Cartridge. 
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lst Indorsement to Letter, Project Manager, 29 April 1966, 
Small Arms Weapons Systems Program - - 5.56mm Tracer Cartridge. 


Letter, Project Manager to Commanding General, USAMUCOM, 
2 May 1966, Quality Assurance Provisions for 5.56mm Cartridges. 


Letter, Frankford Arsenal, 5 May 1966, with lst Indorsement, 
Project Manager, 17 May 1966, Request for Concurrence. 


Report, Headquarters, USACDCEC, Small Arms Weapons Systems 
(SAWS) Field Experimentation, Part One: Main Test, 10 May 1966. 


' Letter, Frankford Arsenal to Commanding General, USAMUCOM, 
26 May 1966, Difficult Extraction in 5.56mm ХМ16Е1 Rifle. 
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Letter, Deputy Chief of Staff for Logistics, 29 November 
1966, 5. 56mm Ammunition. 


Message (SMUFAL103000), Commanding General, USAMUCOM, to 
Commanding Officer, Frankford Arsenal, 12 December 1966. 
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Memorandum, Office of the Deputy Chief o£ Staff for Logistics, | 

12 December 1966, М16Е1 Rifle Ammunition. | 
2 

Letter, Project Manager, Rifles, to U.S. Army Ballistics 3 
Research Laboratories, 14 December 1966, Velocity for 5.56mm š 
Ball Ammunition, ч 
“ 


Message, APG 0420 to USAMC Project Manager, Rifles (1015082) 
January 1967, Velocity for 5.56mm Ball Ammunition. 
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Report, Project Manager, 31 January 1967, A Review of Differ- 
ences in Interior Ballistics Between Ball and Tracer Cartridges. 
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Chief of Staff Memorandum 67-96, 8 March 1967 2 
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Letter, U.S. Army Human Engincering Laboratories, 7 March 
1967, Visibility of 7.62mm and 5.56mm Tracer. 


Memorandum, Office of the Deputy Chief of Staff for Logis- 
tics, 22 March 1967, М16А1 Rifle Ammunition. 


Frankford Arsenal Progress Report of 5.56mm Gun Fouling 
for Period 1 April to June 1967. 


Letter, Project Manager, Rifles, to Commanding General, 
USAMUCOM, 3 May 1967, 5.56mm М196 Tracer Ammunition. 


Inclosure 2, to Letter, Project Manager, Rifles, to Command- 
ing General, USAMUCOM, 3 May 1967, 5.56mm M196 Tracer Ammunition. 


Letter, Project Manager to Commanding Officer, Frankford 
Arsenal, 6 June 1967, Reported Difficult Case-Extraction with 
Federal Cartridge Co. 5.56mm Ammunition. 


Ballistic Research Laboratories Memorandum Report Research 
Development Test and Evaluation Project (1P523801A287), July 
1967. 


Letter, Project Manager, Rifles, to Commanding General, 
Fort Polk, 5 July 1967, Tracer Ammunition. 


Letter, Project Manager to Commanding General, USAMUCOM, 
13 July 1967, Metallurgical Controls for 5,56mm Cartridge Cases. 


Memorandum, Remington Arms Company, Inc., 28 July 1967, 
Development o£ Caliber 5.56mm Ammunition. 


Letter, 3d Battalion, 39th Infantry, 9th Infantry Division, 
with 3d Indorsement, Commanding General, USARV, 3 August 1967, Қ 
Evaluation of М16 Tracer Ammunition. : 


4th Indorsement to Letter, 3d Battalion, 39th Infantry, . 
9th Infantry Division, with 3d Indorsement Commanding General, 
USARV, 3 August 1967, Evaluation of M16 Tracer Ammunition. 


Letter, Project Manager, Rifles, to Commanding General, 
USAMUCOM, 16 August 1967, Gilding Metal Fouling in М16-М16А1 
Rifle Barrels. j 
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Letter, Frankford Arsenal to Commanding General, USAMUCOM, 
24 August 1967, Quality Assurance Provisions for 5.56mm 
Cartridges. 


2d Indorsement, 14 September 1967, to Letter, Project 
Manager, Rifles, to Commanding General, USAMUCOM, 16 August 
1967, Gilding Metal Fouling in М16-М16А1 Rifle Barrels. 


2) Memorandum, Chief of Staff for Secretary of the Army, 27 
September 1967, M16 Rifle Testing. 


Research and Technology Resume, USAMUCOM-Frankford Arsenal, 
15 October 1967, Ammunition, Explosives and Pyrotechnics, Ballis- 
tics, Armor. 


Message, Commanding General, USAMUCOM (AMSMU-RE-M 11-1071), 
15 November 1967, Evaluation of M16 Tracer Ammunition. 


Disposition Form, Headquarters, USAMUCOM, 22 November 1967, 
| ЗЭР | 1,000-Round Fouling Tests. 


Ballistic Research Laboratories Memorandum Report 1886, 
December 1967, Effectiveness Comparison of 1:12-and 1:14-Inch 
Barrel Twist Rates for М16А1 Rifle. 


Message, Commanding Officer, Frankford Arsenal, 6 December 
1967, Cartridge, Tracerk M196, 5.56mm. 


Message (R131803), Project Manager, Rifles, 22 December 1967, 
Special Study of High Temperature Bore Fouling With Tracer 
Ammunition - - USATECOM. 


| "m Letter, Commanding General, USAMC, to Chief of Staff, Army, 
27 February 1968. 


* Trip Report, CSAVCS-W-Inf, 14 March 1968, Ballistic Ке- 
search Laboratories Activity on 5.56mm Bullet Design. 
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Appendix 5 


PROCUREMENT, PRODUCTION, AND DISTRIBUTION HISTORY 


OF THE 
АВ15-М16-М16А1 WEAPON SYSTEM 


А. Introduction 

The procurement history of the AR15-M16-M16Al rifle has been 
marxed by a divergency of opinion as to the capabilities and de- 
ficiencies of the weapon system, and varying requirements. 

Army procurement was begun with the purchase of a small 
quantity of AR15 rifles for test and evaluation in fiscal year 
1652, and followed by а limited procurement. one-time buy in 
fiscal year 1965. Although no further procurement was anticipated, 
ап urgent requirement for the rifle in Vietnam in 1965 initiated 
а large purchase in fiscal уеаг 1966. Subsequent procurements 
in fiscal years 1968 and 1969 have been based on production 
capacities rather than on any well-defined, long-range program. 
Within this same period (1966 to 1958) requirements to support 
forces in Vietnam, particularly the Free World Military Forces, 
have been increased rapidly. 

Ammunition procurements have, in general, kept pace with 
rifle deliveries, and once the production base was established, 


have created no significant problems. 
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B. Initial Procurement Through Fiscal Year 1963 


Rifle Procurenent, U.S, Air Force 


The first official act initiating the Air Force АК15 program 
occurred on 29 August 1960 when the Air Force Vice Chief of Staff 
commented that there appeared to be a requirement for a better 
small arm for Air Force loca! security forces to replace the cali- 
ber .30 carbine. Following the directions of the Vice Chief of 
Staff, an all-command survey was made, and after study it was 
determined that the Air Force had a total requirement for 80,000 
rifles, to be procured over a five-year period. Following a orief- 
ing to the Vice Chief of Staff on 16 May 1961 by the Air Staff, the 
Vice Chief of Staff declared that "the Armalite АК15 rifle was the 
weapon that should be procured."l/ 

After a comprehensive study of the weapons available, the 
Air Force selected the AR15 as the weapon that best satisfied its 
requirements, Funds for procurement of 19,000 new rifles and 1.9 
million rounds of 5.56mm amaunition were requested in the Air Force 
1952 budget. The Department of Defense at first withheld the funds 
for procurement and gave three reasons: x 

introduction of another rífle cf different cali- 


ber snd characteristics into the Department of Defense 
inventoriss was not desirable, 


~ 


l Air Force History of the ARIS Rifle (3114-1960 tc Mid-1962), 
undated. 


уына 112 
Ju abe тақы 08:23 


Adoption of a .223 caliber rifle for tte Air 
Force was not consistent with NATO standardization 


objectives. 


Large van“ ties of Ml and M2 carbines were 
available in Army and Air Force depots and although 
they were twenty years old, they were still useable.2/ 
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Following a series of meetings and letters, the Air Force 
received approval from the Department of Defense on 12 September 
1961 to procure 8,500 ARIS rifles and 8.5 million rounds of an- 
munition for test, training, and unconventional warfare. However, 
on presentation to the House Subcommittee on Appropriations оп 21 
September 1961, the procurement of the Air Force АК15 rifles was 


withheld pending consideration of additional data. 


——— — ,. 


Congressional approval! for the procurement of 1,000 ARIS rifles 
for test and evaluation in the Republic of Vietnam by the Advanced 
Research Project Agency (ARPA) of the Department of Defense in 
December 1951 reopened further discussions on the Air Force 
procurement,3/ Final Congressional authorization for the Air 
The 8,500 rifles and 


Force procurement was granted 15 May 1962. 


8.5 million rounds of ammunition thus authorized for the Air Force 


2 Air Force History of the ARIS Rifle (Mid-1960 to Mid-1962), 
undated. 


3 USANC Rpt, 23 Jun 64, sub: Brief History of the back- 
ground of the Weapon System. 
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were procured from Colt's Patent Firearms Manufacturing Company, 
Inc., Hartford, Connecticut, under Contract AF-33-(657)-9413, 
dated 29 August 1962.4/ The final rifle of this contract was de- 
livered 28 January 1963. 

Following its success in procuring this inicial quantity of 
weapons, the Air Force included 19,000 additional AR15 rifles in 
its FY 1963 budget. Before the request reached Congress, the final 
report from the ARPA test of 1,000 ARIS rifles in Vietnam was 
published. This report established the AR15 rifle as an excellent 
weapon with improved lethality. The Air Force plan to procure a 
total of 80,000 АК15 rifles during a five-year period was recog- 
nized and accepted by the Department of Defense and Congress and 
the FY 1953 budget request was approved without delay.5/ 


Rifle Procurement, U.S. Navy 


The U.S. Navy, iu May 1962, conducted a limited service test 
of the ARIS rifle for possible use by the Sea Air Land (SEAL) Teams. 
In comparison with other weapons of this type in the Navy inventory, 


the reliability, ruggedness of construction, light weight, and 


4 itr, ARPA, 21 Dec 61, sub: ARPA Order 298-62. 


5 Meno, OASD (Comptroller) for ASAF(FM), 20 Jan 63. 
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relative simplicity of the ARIS rifle proved it to be an ideal 
weapon for SEAL operations. The Navy consequently purchased 172 


AR15 rifles for special operations Әу amphibious SEAL teams.6/ 
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Rifle Procuremen U.S. Army 


In response to a 12 October 1962 memorandum from the Secre- 
tary of Defense, requesting views on the relative effectiveness 
of the MI4 and ARIS rifles and the Soviet Assault Rifle (AK47), 


the Army initiated action to test and evaiuate these weapons. 


n 


То provide the weapons needed for the evaluation, the Department 
of the Army on 25 October 1962 authorized the procurement of 300 


ARIS rifles and 600,000 rounds of ammunition.7/ A contract was 


| placed with Colt's for this quantity оп 30 October 1962.8/ The 


Commanding General, U.S. Army Materiel Command (CGUSAMC), pro- 


"E 


my" 
Ж 


vided program authority; to procure 38 more АК15 rifles on 23 
November 1962, bringing the tctal to 338 at a unit cost of $107.00. 


Existing contracts were cevised accordingly. 
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6 Memo, JCS (JCSM-99-63), 12 Feb 63, sub: Rifle Procure- 
ment Program. 
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7 DCSLOG Ltr, 25 Oct 62, sub: Procurement of AR15, Ассез- 
ories and Ammunition. 
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8 contract, DA-19-020-AMC-0015(W)., 
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Ammunition Procurement 
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ammunition was based on a stated requirement Бу the Air Force on 
16 October 1962.9/ The August 1962 contract was granted to Colt's 
for both rifles and ammunition. The Air Force forwarded a partial 
technical data package to Picatinny Arsenal, New Jersey. asking if 
the Army had any interest. The Army response cn 13 December 1962 
indicated that a meeting had been held at Frankford Arsenal, 30 
November 1962, with representatives from the Air Force, during 
which it was agreed that Frankford Arsenal would prepare an ini- 
tial technical data package for a one-time Air Force purchase of 
commercial cartridges for use in the АК15 rifle. 

A second meeting was held 9 January 1963 at Lake City Army 
Ammunition Plant, Missouri, with Army and Air Force representa- 
tives.lÜ/ The purpose of this meeting was to develop practical 
drawings and specifications, tased on the previous experience of 
the ніс Force, which had made an esrlicr procurement of Remington 


5.56mm cartridges through Colt's Inc. (see pages 5-3 and 5-4). The 
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Air Force pointed out that the performance of the Remington саг- 
tridges had not been satisfactory because of four principal 


9 Ltr, Ogden Air Materiel Area, 16 Oct 62, sub: Production 
of Cartridge, 5. S, Н.У. Ball. 


( \ 10 tia, U.S. Air Force Meeting on 5.6m Au unition, 9 Jan 53. 
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deficiencies: keyholding, stripping of the bullet jacket, pack- 
aging, and a light powder charge. 

The Air Force representative from Eglin Air Force Base, 
Florida, declared that he thought a change in twist in the rifling 
of the barrel from 1 turn in 14 inches to 1 turn in 12 inches would 
correct the problem of keyholing. The U.S. Аглу Munitions Command 
representative stressed the importance of having a military 5рег1- 
fication for the rifle, since any variation in the design of the 
rifle could require a change in design of the ammunition. 

Зу March 1963 the Army expressed its interest in the procure- 
ment of caliber .223 ammunition when the Project Manager for the 
АК15 rifle directed that 600,000 rounds be purchased imuediately 
to satisfy urgent requirements Гос ammunition to support the 338 
rifles on hand.ll/ The Commanding General, U.S. Army Munitions 
Command (CGUSAMUCOM), further directed that the ammunition would 
be the Remington Arms caliber .223, which Remington Arms had de- 
veloped and was the sole producer, A military technical data pack- 
age was not available, but provisions were placed in the contract 

for Remington Arms to provide a full description with drawings and 


specification requirements. 


11 Msg, СС, USAMUCOM, to CO, APSA, 18 Mar 63. 
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The Air Focce acted as the procurement agency for the ammu- 


nition it procured in FY 1963: 8.5 million rounds to support its 


FY 1952 prccurement of 8,500 АК15 rifles and 19.0 million rounds 
to support its РУ 1963 procurement of 19,000 АК15 rifles. However, 
because of the Army's renewed interest in and requirement for the 

| same cartridge, the two services cooperated in the development of 
the military specifications and quality assurance provisions. On 
6 March 1963, CGUS^MC appointed the АК15 Rifle Proiect Маперег 


— 


which facilitated this cooperation. \ 


Many difficulties arose during the delivery of the initial 
Air Force and Army FY 1963 procurement because of such incompati- 


bilities between the rifle and the ammunition as chamber dimension 


and primer sensitivity. (Fur a detailed discussion, see Appendixes 


2 and 4,) 


Ip 


The Army procurement of 600,000 rounds of .223 ball ammuni- 
tion was made under item 1 of Contract DA-19020-AMC-0159(A) in 


May 1963. Item 2 of this same contract provided for delivery of 


| 
| 
| 
| 


the technical data furnished by the contractor to describe the 
commercial .223 ammunition. This data had previously been fur- 


nished to the various services for evaluation.l2/ 
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12 Frankford Arsenal Tenth Memo xpt on АК15 Rifle-Ammunition 
E: . Systen, 15 May 64. 
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C. Fiscal Year 1964 Procurement 


Rifle Procurement 


The first major procurement of the M16 weapon system by the 
Army was funded in FY 1964. Justificaticn for this procurement 
was based on the results of the M14, M16, and AK57 Comparative 
Evaiuation, which was completed ir early 1962 and recommended 

— 
linited procurement of M16 rifles for issue to air assault, spe- 
cial forces, and airborne units. The Secretary of Defense approved 
dais procuremert in February 1963 upon recommendation of the Joint 
Caiezs of Staff, who had reviewed the Arny test reports. 137 Ini- 
tial requirements were then established.l4/ 
Table 5-i ХМ16Е1 RIFLE REQUIREMENTS 


air Special 


Assault Forces Airborne Total 
Initial Issue 13,000 6,665 34,352 54,017 
Maintenance Float 650 333 1,718 2,701 
Combat Support (6 mos.) 5,070 2,598 13,386 21,054 
Pipeline (2 ros.) 1,690 956 4,462 7,018 


20,410 10,462 53,913 84,790 


13 Memo, SECDEF, 13 Feb 63, sub: Rifle Procurement Program. 


14 ODCSLOG Staff Study, 24 Jan 63, sub: ARIS Rifle. 
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Tne Army and the Air Force disagreed upon proposed changes 
to the rifle prior to the FY 1954 procurement. A meeting to re- 
solve these differences wes held in the office of the Assistant 
Secretary of the Army (Installations and Logistics) on 6 March 
1963, with members of the Army and Air Force staff in attendance. 
The Assistant Secretary of the Army (Installations and Logistics) 
representative stated during the meeting that the Secretary of De- 
fense had previously agreed to pernit the Army to make changes 
to the rifle which were consicered absolutely essential, provided 
the Air Force and Marine Corps also agreed to these changes. Dur- 
ing the meeting, it became apparent that the major disagreements 
were in the requirement for a bolt closure device, which the Army 
believed was necessary, and a change cf the barrel twist to 1 turn 
in 12 inches, which the Air Force wanted. The Army position on 
the barrel twist was that the Army did not wish any change that 
might reduce lethality, and therefore could not agree to the Air 
Force change without further test ing. / The Air Force position 
was based on USABRL data and USAF testing at Eglin АЕВ.16/ (Алреп- 
dix 2 treats this testing in detail.) 


After evaluation of test data, the sorvi-es agreed to adopt 


15 MFR, ASA(I&L) 7 Mar 63, sub: ARIS Rifle. 


16 Report, BRL, Dec 62, sub: Technical Note No. 1482 - 
Comparative Effectiveness Evaluation of the M14 and Other Rifle 
Concepts. 
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the 1 in 12 inch barrel twist, and the Secretary of Defense author- 
: ized the Army to procure the rifle with а manucl bolt closure 
device. 

The Secretary of Defense directed the Army to exercise its 
single service procurement (system manager) assignment and buy 
| for all services, beginning with FY 1964.17/ 

Assuming that the FY 1964 requirements for the rifle would 
be approximately 104,000 and that subsequent requirements would 
be Limited to 33,500 in FY 1965 for the Air Force, the Defense 
Department approved sole-source procurement from Colt's Inc.18/* 


The 0.5. Аглу Weapons Command submítted a recommendation to 


the Secretary of the Army on 30 Oct oer 1963 for an award of con- 


tract to Colt's Inc. for the delivery of 104,000 5.56mm rifles. 


The recommendetion contained further pertinent information:l9/ 


| 


8. ; There is an urgent FY 64 requirement for this 

| weapon, and the award of а contrac” to the proposed 

| con.ractor (Colt's Inc.) will enable early deliveries 
4 to be made and the program to be completed in the 


shortest possible tine. 


17 Memo, OSD, 11 Mar 63, sub: ARIS Ammunition and Rifles. 
* 


m 


18 Memo, OSD, 27 Jun 63, sub: Action on Rif re Production 
Base Plan. 


— . inate. s.s. 
, . 
r 
` 
25 


19 Memo, На, USAWECOM, 30 Oct 63, sub: Submission for Ар- 
proval of Award of Contract for Rif les, 5.5mm, M16. 
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There will be no government-furníshed facili- 
ties nor special tooling provided for the proposed 
award. 


Colt's agreed to accept an option up to 40,000 

each at a price not te exceed the contract price 

provided that the option would be awarded not less 

than 6 months prior to the final delivery. 

The negotiated price was $113.00 for each of the 19,000 Аїс 
Force rifles and $122.84 for each of the Army rifles with the 
bolt closure device. The Army procurement specified that seven 
magazines, one bipod, and one bipod case be provided for each 
rifle by the manufacturer. The Air Force was to receive only 
one — The delivery schedule would commence with 300 rifles 
per month in March 1964, and build-up to 10,000 per month in ïo- 
vember 1964, and contract completion in April 1965. 

Emu. IK ion Procurement 

The first year buy involving a major procurement action for 
5. 56m ammunition was in support of the Army procurement of 
85,000 ХМ16Е1 rifles and the Air Force procurement of 19,000 M16 


rifles in FY 1964. This was the first year that the Army assuned 


the role of purchasing agent for the total service requirement of 


3. Somm ammunition. 


Several procurement programs were prepared by the U.S. Army 


Munitions Command during the period May through August 1963, 20/ 


20 itr, CG, USANUCON, 14 Мау 63, sub: Production of 5.64mn 
(caliber .223) Bali Агсааї ол for the ARIS Rifle, 
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in an effort to keep ammunition production in phase with rifle 


production. 7 


The basic guidance provided the Commanding Officer, Ammuni- 
tion Procurement Supply Agency, specified: 


1, Establishrent of a production base for 5.64mm 
(5. 36mm) ammunition. 


2. Maintenance of a production base for 7. Gn 
ammunition. 


3. Competitive procurement uf both 5,55сл and 
7.6251 ammunition.22/ 


Tha plan developed by 9.5. Army Munitions Command included а 
separate procurenent, by cempetitive negotiation among the 7. S mm 
base producers, of 1! million rounds of 3. 55m bali ammunition, It 
envisioned the manufacture and test of this quantity te obtain a 
preproduction evaluation of the procurement package before the 
first deliveries from the major procurement, 

Ammunition specification MIL-C-9963 was coordinated among 
representatives of the four services and agreed upon by them dur- 
ing the Technical Coordinating Committee Meeting 13-14 August 


1963.23/ 


* 


21 Ltr, Project Manager, 5 Jui 63, with three inclosures, 
Sub: Procurement Program, 5.56mm Ammunition for ARIS Rifles. 


22 Memo, На, USAWECOM, 30 Oct 63. sub: Submission for Ap- 
proval of Award of Contract for Rifles, 3. 56mm, M16. 


23 Min, Technical Coordinating Committee Meeting, 13-14 Aug 53. 
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The Project Manager Rifles, approved the plan and issued pro- 
gram authority to U.S. Army Munitions Command on 21 August 1963 for 
the precurenzent of 1 million rounds of 3. 350 cartridges of ball 
err ani tion at a program cost of $75 thousand .24/ 

In the meantime, complications with the development of mili- 
tary specifications for the ammunition to assure conpatibility 
саса the rifle were being investigated. As a result of the Army 
staff position on the inadvertent fire safety hazard, procurement 
actions on the ammunition were temporarily susvended.22/ (see 
Append.x 4.) This suspensicn resulted in further delay of both 
the procurement plan and the development of the milestone schedule. 
(See Inclosure | for comparison of the schedule developed in Sep- 
teuber 1965 and the one prepared 4 December 1963. )25/ 

The government request for proposals (RFP) on the initial 1 
million rounds of the FY 1964 procurement was not favorably con- 

— ыла 
sidered by the three commercial producers of smali arms ammunition-- 
Olin Mathieson Chemicai Corporation, Remington arms Company, and 
Federal Cartridge Corporation. All three producers objected to 


parts of the technical data package. 


24 24 Incl, На, USWECOM, 21 Aug 63, to Ltr, Project Marager, 
sub: Procurement Program, 5.56mm Amnunition. 


25 Ltr, Hq, USAMUCOM, 3 Oct 63, sub: Procurement Progran, 
5.56mm Ammunition for /К15 Rifle. 


26 Ler, Project Manager, 4 Dec 63, sub: Progress Report RSS 
0-890: 554, “16 Rifle. 
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Olin Mathieson objected to certain specifications on cartridge 
case wall thickness and to the specifications of IMR 4475 pro- 
pellant. Remington objected to the sane specificacions and recom- 
mended that the prescribed maximum mean chamber pr2ssure be in- 
creased from 52,000 p.s.i. to 53,000 p.s.i. Federal Cartridge ex- 
pressed the view that the maximum mean chamber pressure should be 
raised to 54,000 p.s.i. 

A meeting was held at Frankford Arsenal on 20 January 1964 
with representatives of the three cartridge producers, DuPont-- 
the sole producer of IMR 4475 propellant--the Air Force, and the 
Army to review the requirements of the technical data раскаве.27/ 
At this meeting, DuPont declared that it must manufacture propellant 
lots which would develop not more than a maximum mean chamber pres- 
sure of 2,000 pounds per square inch (р.5.1.) less than that per- 
mitted to cartridge manufacturers and also expressed concern as to 
whether or not the company could consistently meet even an increased 
limit of chamber pressure from 59,000 p.s.i. to 51,000 p.s.i. 
(53,000 p.s.i. for the assembled cartridge). DuPont, however, 
declared that there would be no problem in supplying enough propellant 
to load one million rounds. ІС was agreed to change the cartridge 


case drawing to reflect the new dimensions proposed b, &enington, 


27 Office Meno, На, ИЗАМИСОМ. 17 Jan 64, sub: Meeting оп 
Procurement of 1 million cartridges, 5.5572, Ball, 5193. FrannZord 
arsenal. 
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because Remington maintained that its first drawings had been ais- 
interpreted by the Aray. It was also agreed to amend the Request 
For Proposa! to permit increase of the maximum mean chamber pres- 
sure of the propellant to 51,000 p.s.i. and of the cartridge co 
53,000 p.s.i. (for the one million rounds only). The Project Мап- 
ager concurred in these changes on 17 January 1964, thereby elimin- 
ating the existing roadblocks to obtaining responsive proposals to 
the Request For Proposal for one millioa rounds. 

Instructions ta the ammunition Procurement and Supply Agency 
by the Project Manager on 24 January 1964 were: 


It is most desirable and in the interest of the 
Government to have more than one contractor involved 
in this procurement. This will enable more than one 
producer to develop a learning curve concerning this 
ammunition. Since the Government does not intend to 
develop an in-house capability for this ammunition at 
this time, multi-production capacity is desirable for 
mobilization and energency requitements. Finally. 
two or more producers will offer the Government the 
most desirable feature of price reductions and savings-- 
competition. In view of the above, this procurement 
should be split between at least two contractors (if 
the costs can be justified). it is realized that costs 
will vary between different producers. 28 / 
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The contract for one million cartridges, awarded 19 February 


B Arms Company and 560,000 from Olin Mathieson Corporation (Western 


Cartridge Company). 


| 
| d i 1964, was split; 500,000 cartridges чек: procured from Remington 
] 


28 Min, Meeting, Cartridge. 5.56mm, ВЕР, 1 Million, 28 Jan 64, 
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With the contract for the initial one million cartridges 
siened, attention next focused on the prepellant problem, which 
needed to be resolved before procurement action on the remaining 
i31 million rounds could be completed. The propellant and cartridge 
manufacturers had not agreed that relaxation of the chamber pressure 
do 53,000 p.s.i. would permit large-scale procurement.29/ Therefore, 
the requirement for increased product improvement in the propellants 
area becane urgent. 

Although disagreements on the technical data package, primarily 
52.25.15 te the propellant, remained to be solved, contracts for the 
renaining 131 million cartridges were awarded on 26 February 1964 
as follows:39/ 

Olin Mathieson Corporation--77,880,000 
Remington Arms Company, Inc.--57,000,000 
Federal Cartridge Солрапу--15,000,000 

Ас the time the above contracts were awarded, the contractors 
were asked to propose another type propellant for testing to pernit 
qualification of additional types, Each of the three ammunition pro- 


ducers recommended a different alternate propeiiant for the original 


29 DF, Frankford Arsenal (SMUFA-6000), 21 Jan 64, sub: Eval- 
uation of Propeliants for §.56mm Ammunition. 


30 MFR, Frankford Arsenal, 30 Mar 64, sub: AR15-M193 Ball 
Cartridge Procurement. 
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IMR 4475. Remington advocated а tubular-grain, centralite-coated 
propellant (CR 8136), which was produced by DuPont. Olin recom- 
mended a spherical-grain propellant (WC 846), which was an Olin 
product. Federal advocated neither the DuPont nor Olin product, 
but favored a product of Hercules Powder Company (HPC-10). 
The plan to evaluate the three candidate propellants included 
2 the procurement of 25,000 M193, 3. 36m ball cartridges from each of 
the three propellant companies. Each propellant company was given 
free choice in selection of a cartridge producer to load and assem- 
ble cartridges with candidate propellants. (Each firm elected to 
have the loading of the sample done by Remington Arms Company.) 


! 


(Details and results of this test are outlined in Appendix 4.) The 


| 
| 
| 
| 
| 
| 


final recommendation was that both propeliants CR8136 and WC846 be 
approved as permissible alternates to IMR 4475 in the loading of 
5. 36m M193 ball ammuni tion. Manufacturers were advised of the 
Frankferd Arsenal findings 28-29 April 1964.32/ 

Meanwhile, production of the initial one million cartridges 
progressed with no major difficuity, although Remington advised 


Frankford Arsenal on 28 April 1964 that it did not have enough IMR 


4475 propellant to complete the 500,000 order and would be 19,000 


— —— 22 салжээ — 


31 Frankford Arsenal Tenth Memo Rpt on AR15 Rifle-dAmmunitions 
j System, 15 Мау 64. 
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short (481,000 delivered). It was initially planned to test thor- 
oughly a 25,000-round sample from each producer. However, because 
subsequent developments indicated that future production would be 
loaded with CR8136 or WC846 propellant rather than IMR 4475, the 


25,000-rouad samples would not be representative of the future 


— — 


production. For this reason, the testing was limited to a simulated 
acceptance test simi:ar to those for normal production lots of anmu- | 
nition, except that the function and casualty test was omitted.33/ | 
By the end of November 1964, delivery of 5.56mm ammunition 
(131 million procurement) lagged behind the original schedule re- 
quirements by approximately 9,837,000 rounds. The failure of Federal 
to qualify a preproduction sample because of primer sensitivity re- 
sulted in a shortage of 6,908,000, while Remington's low deliveries 
in November gave the company а 2,929,000-round shortage on its con- 
tract commitment. Olin Mathieson, the third producer, was on sched- 
ule. After the fourth attempt by Federal to manufacture an accept- 
able preproduction sanple failed, consideration was given to termin- 
ating the Federal contract for default. The Project Manager, however, 


directed that the contractor be given another opportunity to submit 
* 


33 Memo, Frankford Arsenal (SMUFA-6000). 29 Apr 64, sub: 
Tests of Samples from First Million Production of 5.56nm М193 
Ammunition. 
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a preproduction sample.34/ Although Remington had met the require- 
ments for the preproduction sample (accepted 25 June 1964), it also 
had difficulty during December in maintaining primer sensitivity 
within the prescribed limits. 

The next preproduction sample produced by Federal passed all 
aspects of the test with the exception of profile alignment, 
Frankford Arsenal conducted tests to study the effects of bullet 
obliquity сп ultimate function. Тһе results of this test in- 
dicated that the bullet obliquity did not adversely affect the 
cartridge performance, but to minimize user reaction, it was re- 
commended that the use of these cartridges he liaited to Continen- 
tal United States. Frankford Arsenal recommended immediate process 
and inspection improvements on the part of the contractor. 

Deliveries against the contract for 131 million rounds (19 


million for the U.S. Air Force) were completed on 30 November 1964, 


34 Summary Rpt, Frankford Arsenal, 22 Dec 64, sub: Deliveries 
of 5.55mm Ball Ammunition. 


35 Memo, Frankford Arsenal (SMUFA-0300), 22 Mar 65, sub: 
Request for Deviation Approval of Technical Action (RTA) CHPD 
105-65(DV)--Cartridge, 5.56mm, Ball, M193. 
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D. Fiscal Year 1965 Procurement 


Rifle Procurezent е 


There was no Army procurement action for the M16 rifle in FY 
1965. Other customer procurements were 33,500 rifles for the Air 
Force, 1,550 rifles for the Navy, and 142 for the Coast Cuard. 
Armunition Procurement 

The FY 1965 Army ammunition procurerent program initially 
consisted of 20 million rounds cf 5.56mm M193 ball cartridges. The 
program authority for this quantity was released to Frarkford Arsen- 
al on 1 September 1964; the production contract was awarded 25 March 
1965, with deliveries made from comuercial sources during the period 
April 1965 through March 1966. The Air Force procured 27.797,760 
rounds oi 5.56mm M193 ball cartridges from Remington Arms with de- 

liveries from January 1965 through March 1966. 
The 1955 procurement of 5. 56m. M196, tracer ammunition con- 
sisted of 42,872,009 rounds for the Army and 1,000,000 rounds for 


the Air Force. Deliveries were completed during February 1966.36/ 


36 Memo, Hq, USAMC, undated, sub: Milestones, FY 1965. 
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Е. Fiscal Year 1966 Procurement 


Rifle Procurement 


4 


The Chief of Staff directed or 13 April 1964 that the Army 
Staff examine the alternatives of rifle procurement and distribu- 
tion to insure maximum readiness of U.S. troops. It was to be 
assumed that no more M14 rifles would be procured in peacetime .327/ 
The final report, titled Study of Rifle Readiness, was forwarded to 
the Chief of Staff by Deputy Chief of Staff for Logistics (DCSLOG) 
on 5 June 1964, One assumption in the study was: "There will be 
no procurement of XM16El (АК15) rifles after the fiscal year 1964 
buy of 85,000, "38/ At the time of this study it was also assumed 
that the Special Purpose Individual Weapon (SPIW) program would pro- 
duce a significantly improved weapon which would be ready for type 
classification by the 5th quarter of FY 65. (Any assumption re- 
garding early availability of the SPIW was scon to prove invalid. 
During the period July through November 1964, the forecasted type 
classification date for SPIW slipped from 4th quarter Е; 65 to 2nd 
quarter РУ 68-see Inclosure 1 to Appendix 10 for discussion of the 
SPIW program.) The recommendations of this study, which were ap- 


proved by the Chief of Staff, were :39/ 


37 сен 64-146, 13 Арг 64. 
38 Study of Rifle Readiness, 15 May 64. 
39 Ltr, ODCSLOS, 6 Aug 64. 
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і 1. That all actions to refine requirements be 
expedited and directed toward development of re- 

quirements for specific weapons to improve posture 
and that an air pipeline be assured to maintain it. 


2. That the Army maintain its position that 
no Ml rifles should be released for Military As- 
sistance purposes, making exceptions in only very 
unusual cases such as the support of Vietnam. 


3. That action be taken to autborize the over- 
haul of Ml rifles during FY 65 for the Army rather 
. than for other customers as now planned. 


8. That backlog of МІ rifles, remaining after 
the FY 65 overhaul program, be rebuilt in FY 66 for 
the Army and that rebuild in subsequent years be 
based upon need. 


5. That the tests on the conversion of Ml rifles 
to 7.62mm configuration, currently being conducted by 
the Army Materiel Command, be expedited and that wea- 
pons so modified be given an abbreviated field test at 
the earliest practicable date. 


ET 5 => 


ти 5 =. Nem 8 
———— — — 


6. That all four present production facilities 
be retained in a high state of readiness for the 
next year. Such retention will provide a capacity 
of 98,000 rifles per month, more than adequate to 
Support a 22 Division Force, with a P-Day of Dell 
months. 


7. That retention of these facilities be re- 
evaluated next year on the basis of progress of the 
SPIW program. 
With reference to the DCSLOG Study of Rifle Readiness, the 
Commanding General, U.S. Army Materiel Command, advised the Chief 


| 
| of Staff: 
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To the extent that the DCSLOG Study of Rifle 
- Í readiness (15 May 1964) is sensitive to the as- 

! sumption to buy го more XMI6EL(ARIS) rifles, its 
; ( X conciusions are suspect. 
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As nearly as we can see at presen’, the ХМ16 
realizes at least 50% of the improvement that the 
SPIW generates over the M14. The cost of the XM16 
system (including emo.) will be a little less than 
the M14 for equivalent production rates. The SPIW 
i System will cost at least 25% more than the M14. 


The XM16 can be rade available in production 
‚ quantities four years sooner than SPIW.40/ 


The DCSLOG response to the letter from the Commanding Gen- 
eral, U.S. Army Materiel Command, stated: 


i The object of the SPIW program was to develop а 
weapon that would be a quantum improvement over the 
standard rifle. For the past several years we have 
fought off any solution which would commit the Army 
to another interim rifle which could hinder the de- 
velopment of a greatly improved individual weapon 
in the 1965-70 time frame. If a caliber .223 weapon 
is to be selected as the successor to the 7.62mm M14, 
it should be the best caliber .223 weapon available 
and one which fills the quartum improvement qualifi- 
cation. This could possibly be the AR18, the Stoner 
63 or some other design. Such a decision cannot be 
made until the future of the SPIW is clear.41/ 


The Deputy Chief of Staff for Logistics was directed on 21 
August 1964 to prepare a study of the resumption of procurement of 
M14 rifles for the Secretary of Defense.+2/ This action was di- 
rected by the Secretary of the Army as the result of a briefing by 


DCSLOG and ACSFOR оп 18 August 1964. The study,, submitted to the 
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; | 40 Ler, USAMC, 23 Jul 64, sub: DCSLOG Study of Rifle Readiness. 
| 


41 Ltr, 0065106, 6 Aug 64. 


42 CSM 64-341, 21 Aug 64, sub: The Army Rifle Program 
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Chief of Staff on 4 November 1964, emphasized the fact that by the 
end of FY 1966 the combined assets of М14 and Ml rifles would be in- 
sufficient to meet requirements, and by the end of FY 1970, a defi- 
cit of 85,813 weapons would exist.43/ These data included the 

85.000 M16 rifles which were procured in FY 1964. The analysis of 
the rifle position included in this study pointed out that the deter- 
iorating Army rifle position was caused by slippage in development 
and type classification of the most likely follow-on weapon to the 
M14 rifle--the Special Purpose Individual Weapon (SPIW). The re- 
рогі also stated: "Pending receipt of the follow-on weapon, the Army 
Staff prefers the M14 rifle over the M16. Recent briefings to the 
Chief of Staff and the Secretary of the Army affirmed this position." 
The rationale for this was logical in that the Army view was that any 
additional interim rifle procurement should be for the weapon al- 
ready in the inventory in greatest quantity. This was further but- 
tressed by U.S. commitment to NATO Standardization Agreements that 
provided for equipping participant national forces with 7.62mm wea- 
pons. The DCSLOG recommendation was that 100,000 M14 rifles be pro- 
cured from the FY 1966 budget. The final action on the summary 

sheet is not clear; however, it was returned to DCSLOG on 13 November 


1964 as a dead case 447 


43 Summary Sheet, ODCSLOG, 4 Nov 64, sub: Study of Procure- 
ment of Mi^ Rifles. 


45 МЕ, Рега Developnent Division, ODCSLOG, 13 Nov 64. 
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There is no record of any further action on the FY 1966 pro- 
curenent of rifles until May 1965. 

In February 1965, representatives of Colt's Inc. commenced a 
series of visits and letter exchanges with the Army staff concern- 
ing the maintenance of a production base.42/ The U.S. Air Force 
FY 1965 contract was scheduled for completion in October 1965.  Pro- 
duction for the Army FY 1964 program had started іп Мау 1964 and was 
originally scheduled to be completed in April 1965. The Army con- 
tract had been modified by U.S. Army Materiel Command, however, to 
provide for final deliveries in December 1955, 46/ Representatives 
from Colt's declared that they believed there was an obligation to 
maintain an operating production base in view of the previous Arny 
and Air Fcrce procurements and perticularly in view cf the situation 
in Southeast Asia. Colt's representatives said that the base could 
be maintained either through direct contracts from the Department of 
Defense for stated quantities of rifles or through purchase of rifles 
for use by the Military Assistance Program. They also advised that 
if they did not have work by 1 May 1965 on government contracts, pro- 
duction quantity would decrease and unit costs would increase. The 


Army staff (DCSLOG) response to Colt's Inc. was that the prospects 


45 
5 May 65. 


Ltrs, Colt's, 16 Feb 65, 24 Feb 65, and 7 Apr 65 and Ceble, 


46 Memo, ODCSLOG, sub: Production Base Pian for the M16 Rifle, 
Mar 65. 
5-26 
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were poor for any new orders for rifles in the near future, however, 
the Army was not aware of the Air Force plans 7 The Chief of 
Staff approved the recommendation that the Army make no changes 
in the rifle progran until the study was completed, and that the 
maintenance of an operating line for producing M16 rifles was not 
necessary -/ The Chief of Staff advised ASA(ISL) of his decision 
on 12 May 1965.27 This decision was influenced by the fact that 
there were no further known or projected Army force structure re- 
quirenents for the M16. 

Meanwhile, оп 19 May 1965, the Commanding General, U.S. Army 


Materiel Command, requested approval to procure at least 60,000 


XM16El rifles for potential U.S. Army and military assistance re- 
i quirements in Southeast Asia! He said that although there was no 
firm requirement at that time to substantiate the proposed procure- 
ment, in his opinion it was probable that an urgent demand would 
develop. 

DCSLOG replied to the Commanding General, U.S. Army Materiel 
Command, on 26 May 1965, advising him thet at present there was 


* 


47 ttr, DCSLOG to Vice President, Colt's Inc., dtd 11 Mar 65. 


| 
i 21 48 Summary Sheet, ACSFOR, 21 Apr 65, sub: Army Requirements 
| for the М16 Rifle. 


PR š 49 Mero, CofSA, 12 May 65, sub: Inquiry of Colt Industries,Inc. 
> Н 50 
Ағы " Ler, На, VSANC, 19 Хау 65, sub: Procure-ent of Rifles, 
Lh es 
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no requirement for additional XIL6E1 rifles; however, the Air 


Force had indicated a requirement of 65,358 M16 vifles per year 


through the FY 1966-70 time frane “ 


On 14 July 1965, the Commanding Generel, U.S. Army Materiel 


Comnand. again recommended procurement of XM15Ei rifles to the 


52/ 


Vice chief of Staff. In this letter, Le pointed out that 


according to the latest projection for comnitment of forces equipped 
with the X416El rifle to Scutheast A:ia, the CONUS stocks of the 
rifle would be depleted by July 1955. Че further pointed out that 


the lightweight and rapidfire characteristics of the ХМ16Е1 rifle 


- 


made it a much better weapon for use in Southeast Asia ЕНап the №14 
rifle. A note added to this letter said: 


I have just received а TWX from МАСУ requesting 
for planning purposes cost and delivery schedule for 
50,000 ХМ16Е1 rifles and associated ammunition, Li 
view of this request from Westmoreland, I think the 
60,200 figure 15 too conservative. 


On 28 July 1955, the Commanding General, U.S. Arny Materiel 


Command, subzittzd a РЕМА Reprogram Request to DCSLOC for 43,000 


53/ 


ХМ16Е1 rifles at a cost of $5,160,000. This reprogramming ac- 


tion was returned without action on 17 September 1965 on the basis 


51 Ltr, Air Force Logistics Commend, 29 Мау 65, sub: M16 Rifles. 
52 (tr, Не, USAC, 14 Jul 65. 


53 Ler, На, USAMC, 28 101 65, sub: FY 66 PENA Program. 
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of а decision by the Chief of Staff not to buy additional Х116Е1 
rifles at that time to equip units not then authorized the ХМ16Е1 
ri 1 2% DCSLOG, by a separate action, included in the Omni bus 
Progra: Change Proposal the anticipated combat consumption for the 
12216Е1 and advised U.S. Army Мона Command that the requirement 
vould be included in the January Supplemental (fiscal year 1966) 
budget. It was requested that 30,134 Х116Е1 rifles be included 
in the budget to meet anticipated combat consumption for troops 
in Vietnam at that time 237 

The FY 1956 requirement for procurement of the ХМ16Е1 rifle 
was initiated by a request from Commander, U.S. Military Assistance 
Command, Vietnam on 6 December 1965 for 170,000 M16 rifles, includ- 
ing 10,000 for immediate use and approximately 10,500 to be equipped 
with the XM148 grenade launcher SS А follow-up cable from Com- 
mander, U.S. Military Assistance Command, Vier- nam on 7 December 
1965 outlined а requirement for the FY 1966 Military Assistance 


Program ot 106,000 M16 rifles for Republic of Vietnam Armed Forces 


and 17,000 M16 rif!es for Republic of Korea forces. 27 


5^ Ist Incl, DCSLOG, 17 Sep 65 to Ltr. На, USAMC, 28 Jul 65, 
sub: FY 66 РЕМА Program. 


35 Exhibit РІ, Budget Submission, 1 Oct 65. 


+ Msg, MACV 42787 (DAIN 187924), 6 Dec 65. 
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№55, МАСУ 42932, 7 Dec 65, sub: FY 66 Military Assistance 
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In response to this urgent requirement, the Assistant Secre- 
tary of the Army (I&L) directed the Commanding General, U.S. Army 
"Materiel Command, to award a letter contract to Colt's Inc. for 
the accelerated production and delivery of 100,000 ХМ16Е1 rifles. 
U.S. Атлу Materiel Command was also directed to make plans for the 
iir ediate expansion of the 5.56mm ammunition production capacity.28/ 
The letter order contract with Colt's was signed 7 December 1965. 

The Secretary of Defense asked Commander, U.S. Military As- 
sistance Command, Vietnam to clarify his requirenents in that it 
could not be determinea whether the rifles referred to in the mes- 
sage of 7 December were in addition to or a part of the 170,000 
rifles requested in the 6 December message .22/ 

Commander, U.S. Military Assistance Command, Vietnam refined 
his requirements for the ХМ16Е1 rifle, now stated as 179,641 
rifles to re-equip fully all ground combat uni s, / 

As a result of the Secretary of Defense decision to procure 
100,000 additional rifles, the Deputy Chief of Staff tor Logistics 
submitted а change to the January 1966 Supolemental Budget for an 


s Ltr, ASA(I&L), 6 Dec 65, sub: Accelerated Production of 
Rifle, 5.56mm, ХМ16Е1 and Ammunition. 


59 Msg DEF, 8 Dec 65. 


60 Revision to October 1 Budget Estimates, 6 Dec 65. 
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additional 100,000 VII EI at а cost of $11 million and 494.9 nil- 
lion rounds of 5.56mm ammunition at a cost of $30.7 million A/ 
Subject Issue 854 by Department of Defense added to the Army 
program funds for an additional 123,000 rifles and related ammu- 
nition, These rifles and ammunition were intenaed for Military 
Assistance Program, Subject Issue 933 provided a breakout of the 
Military Assistance Command, Vietnam requirements between the Army 


and the Marine corps. 27 


Table 5-2--ARMY-MARINE CORPS FISCAL YEAR 1966 PROCUREMENT FOR 
FRE. WORLD FORCES 


AMOUNT 
RVN ARMY QUANTITY (SMELLIONS } 
M16 Rifles 100 ,000 14.1 
$.56mm Ammo 535.0 M* 33.2 
ROK ARMY 
M16 Rifles 14,000 2.0 
5.56mm Ammo 76.0 N 4.7 
КУК MARINES 
M16 Rifles 6,000 -9 
5.56mm Ammo 32.3 A 2.0 
ROK MARINES 
M16 Rifles 3,000 .5 
5.56mm Ammo 14.5 N ‚9 


* Millions. 


61 Meg, МАСУ 43529 (DAIN 156152), 12 Dec 65. 


62 subject Issue 933, 22 Dec 65. 
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The Army further refined the overall total FY 1966 budget ге- 


quirement for the XM16El rifle. 2 (Tables 5-3 and 5-4) 


Taole 5-3--FISCAL YEAR 1966 ARMY PROCUREMENT 


P 


Original Submission 30,134 
USARV. 68,000 
In lieu of №14 rifles 

plus consumption 115,271 
RVN Army 100,000 
ROK Army 14,000 
TOTAL ARMY PROCUREMENT 327,405 


Table 5-4--FISCAL YEAR 1966 OTHER CUSTOMER PROCUREHENT 


9.5. Air Force 60,082 
U.S. Marine Corps 91,872 
0,5, Navy 2,000 
U.S. Coast Guard 1,411 
TOTAL OIHER CUSTOMERS 155,365 


Because of the increased requirement for the M16 rifle and the 
need for an expanded production base, two alternatives were consid- 
ered. The first was to increase Colt's production to the 25,000 
monthly . te as rapiily as possible. The second was to establish 
& second sou. e of production. It was estimated, however, that it 
would be 22 months before the first delivery could be made from a 


second source, since no military technical data package existed. 7 


63 The Army Materiel Plan, Vol. VIL, May 66. 


` 5% Fact Paper, OASD (ISL), 18 Jan 66, sub: M16 Rifles. 
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The decision was made by Office of the Secretary of Defense on 
19 February to expand Colt's production to 25,000 rifles per month, $3/ 
Included in the Commander, U.S. Military Assistance Command, 
Vietnam message of 6 December was the request that М16 and ХМ16Е1 
rifles now in hands of U.S. forces not engaged in general combat 
be redistributed against his stated requirement. To alleviate the 
shortage of rifles for combat units, the Air Force offered to pro- 
vide production M16 rifles (without the manua! bolt closure device) 
to the Army. The Army accepted 3,543 of these rifles from the Air 
Ferce for issue to the Continental United States training base in 
order to release those assets of ХМ16Е1 rifles ou hand to Уіеспал,66/ 
Colt's Inc., reached a capacity of 25,000 rifles а month in 
December 1966. The initial production from the FY 1966 procurement 
was received in May 1966 and the final delivery was made in December 
1967. The total program cost for the 327,405 rifles was $38.6 mil- 
lion with a program unit cost of 9117.89. 
Ammunition Procurement 
The Secretary of Defense decision on 6 December 1965 to expand 


M16 rifle production as a result of increased requirements in Viet- 


nam created an immediate requirement to expand the 5.56mm ammunition 


65 Memo, OASD, 19 Feb 66, sub: Procurement of Rifles, 3. 56mm, 
M16, and ХЧ16ЕІ, 


89 Msg DA (DA 745194), 27 Dec 65, sub: М16 Rifles. 
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The Army Materiel Plan, Vol. VIL, Хау 67. 
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production base. The Deputy Chief of Staff for Logistics recom- 
mendation stated that a monthly production capacity for 100 mil- 


г 


lion rounds of 5.56mm ammunition must be established to meet the 
increased Southeast Asia requirements, S/ 

The plan submitted by Deputy Chief of Staff for Logistics 
and approved by the Department of Defense provided for the con- 
version of caliber .30 ammunition facilities at Lake City Army 
Ammunition Plan at a cost of $2 million and at Twin Cities Army 
Ammunition Plant at a cost of $3.5 nillion.$9/ Lake City could 
initiate production in July 1966 and attain a maximum monthly rate 
of 32 million rounds by December 1966. Twin Cities could commence 
producing in September 1966 and reach 50 million rounds per month 
by March 1967. The total existing capacity in private industry was 
16,400,000 rounds per month. 

Further revision of the FY 1966 M16 rifle procurenent caused a 
revision of the monthly requirenents for 5.56am ammunition from 100 
million rounds per month to 150 million rounds per month. Ву a mem- 
orsndum of 6 January 1966, Assistant Secretary of the Army (I&L), in 
response to a Deputy Chief of Staff for Logistics proposal, revised 


the funds required for expans on. 27 


68 DF, Dir of Proc го ASA(I&L), 10 Dec 66, sub: Expansion of 
Production Capacity for §.56mm Ammunition. 


69 Memo, Deputy Secretary of Defense, 23 Dec 65, sub: Expan- 
s.on of Production Capacity for 5,56nm Ammunition. 


70 Meno, АЅА ТЕ), 6 Jan $6, sub: Expansion of Production 
Capacity for 5.56гл Amuunition at Lake City and Twin Cities. 
5-34 


a š 
© e 
21101234 224. =< + od چ‎ 


Table 5-5--AXSUNITION PRODUCTION EXPANSION 


PREVIOUSLY REVISED 5.56::4 CAPACITY 
FACIIITY APPROVED TO PER MONTH 
Ьуз City ААР $2,000,000 $1,621,900 40,000,000 
Twin Cities AAP $3,500,000 $4,300,000 100,000,000 
TOTAL Р $5,500,000 $5,921,000 150,000,000 


The two government-owned cc-nerciallv-operated (СОСО) plants 
of Lake City AAP (operated by Renington Arms Company) and Twin 

| Cities AAP (operated by Federal Cartridge Company) experienced some 

i 

| difficulty in their accelerated start-up of production of a new 
2 ‚| and disferent caliber of ammunition. In addition to shortages of 
: machine tools and trained operators, beth plants experienced the 
| same problems the commercial producers had had in meeting primer 
А sensitivity and cas: wa.l thickness requirements. Some delays 
the manufacture of cases, bullet jackets. and priaers. 1 / (These 
problems паче deen resolved and the GOCO plants are currently hav- 
ing no more difficulty in veeting production schedules and stand- 


ards than are the commercial producers.) 


— — —— — — ما 


us 71 Trip Rpt, Frankford Arsenal, 2 Aug 66, sub: Visit to LCAAP. 
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F. Fiscal Year 1967 Procurenent 

Rifle Procurement 

The Army procurement in FY 1966 of 327,405 rifles precluded 
апу further procurement in FY 1967. With an esteblished nine- 
ronth production lead time on the M16 rifle (deliveries may com- 
тепсе on the tenth month following fund release), and the fact 
that Arny FY 1966 deliveries were not completed until December 
1967, oniy three months of production would have been available. 
Tae production capacity for January through March was funded by 
other customers 227 (See Table 5-6.) 


Table 5-6--FISCAL YEAR 1967 RirLE PROCUREMENT 


U.S. Navy 19,237 
U.S. Coast Guard 700 
U.S. Air Force 65,000 
U.S. Marin^ Corps 18,294 

TOTAL 103, 231 


During the FY 1967 funding period, because of increased re- 
quirements for the rifles to support forces in Vietnam, the deci- 
sion was reached to broaden the M16 and MI6Ai rifle production 
base. Of the several ways to achieve this, the one chosen was to 
establish an independent second source to insure future competitive 


procurement and to provide for geographica! dispersion of production 


72 АМ, Vol. УЦ, May 67. ] 
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facilities. Negotiations with Colt's Inc., for the purchase of 
the patent rights and technical data package continued, although 
no agreement was reached at the time of submission of the FY 1967 
Supplemental Budget. However, in anticipation of an early agree- 
ment with Colt's Inc., the Army requested $4.0 million in the fis- 
cal year 1967 supplement for the establishment of the production 
for the second source. 7 
Ammunition Procurement 

The ammunition procurement for fiscal year 1967 totaled 


660,100,000 rounds of all types of 5.55гт cartridges. 22’ 


72 СЕР, ODCSLOG-7, 25 Jan 67. 


74 Exhibit P-1, Supporting Data for FY 69 Budget Estimate, 
11 Jan 63. 


G. Fiscal Year 1968 Procurement 

Rifle Procurement 

The FY 1968 budget submission included ‘а request for the pro- 
curement of 175,000 М16А1 rifles at a total cost of $35.7 nillion.23/ 
This recommended procurement was based on the requirement, at that 
time, to provide preferred rifles (M14 and M16A1) to the active 
Army and to preclude further issue of the older Nl rifle to active 
Army units. As a result of the Small Arms Weapon System (SAWS) 
Study, the Chief of Staff had recommended to the Secretary of the 
Army that the М16А1 be adopted as a standard Army rifle in addi- 
tion to the 7.6?mm M14 and .30 МІ rifles. The overall Army рго- 
curement objective was a single-family small arms weapons inventory, 
based on the Colt's 5.56mm individual weapons and, for the present, 
the 7.62mm M60 machine gun. The first objective of the program was 
to eliminate at an early date the caliber .30 family of infantry 
weapons. The computations for the total budget submission included 
the estimated program cost of the rifles plus $9.0 million, which 
was the price Colt's Inc. had previously quoted for the patent 
rights, and $.8 million for procurement of the technical data 
package. 87 


73 Exhibit Р-1, 7 Dec 67. 


76 


CFP, ODCSLOG-7, 25 Jan 67. 
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The Departnent of Defense Program Budget Decision approved 
the quantity of 175,000 rifles, but limited the funding to $31.2 
million. The Army reclama to this decision stated: 

Negotiations for purchase of patent rights for 

the MI6Al rifle ere being conducted with Colt's. 

To date there are no fitm indications that Colt's 

will reduce their initially quoted price for rights 

from $9.0 miliion. То insure availability of funds 

with which to conclude an agreement the current ask- 

ing price for patent rigats must be provided by re- 

storing $4.5 million to the FY 68 budget. Z / 

The Acmy reclama was turned down. 

At the time of development of the FY 1968 apporticnment, the 
Army budget request for M16Al rifles was established at 247,716 st 
& total cost of $31.8 million. The revised quantity was based on 


the Secretary of Defense decision to accept Colt's increased pro- 


- аз ͤ ꝛu—ä— . — — — 


duction capacity (25,000 to 27,500 per month) beginning September 
78/ 


—2e—— — — 


1967 and to award a quantity to & second producer. 


Table 5-7--FISCAL YEAR 1968 APPORTIONMENT COMPUTATION 


Colt's Capacity 333,632 
2d Source Capacity 15,000 
TOTAL CAPACITY 348,632 


Other Customer Requirements 


(-)100,916 
TOTAL ARMY PROCUREMENT 247,716 
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77 PBD 324, 16 Dec 56. 
78 


Budget Backup Data, ODCSLOG, undated. 


The total cost of $31.8 million (versus $31.2 million for 
175,000 rifles) for the increased quantity of rifles was based on 
a DCSLOG decision to transfer the requirement ror $5.5 million (a 
reco puted estimate on funds required for procurement of patent 
rights and technical data package from Colt's) from Budget Activity 
3 to Budget Activity 11. This administrative decision provided 
$5.5 miliicn for the additional 72,716 rifles. Activity 11 pro- 


vided necessary funding for the acquisition of patent rights and 


for the technical data package. 27 


During the FY 1967-68 funding period, negotiations with Colt's 
for the purchase of patent rights and the technical даса package 
were successfully concluded and a second source procurement plan 


was developed. (The contract with Cole's was actually dated 30 
— 7 9 D 


June 1967.) The principal points of che plan for a second source 


for the M16 fanily of rifles vere: 27 


Negotiation under authority of 10 U. S. C. 2304 
(а) (16), excluding Colt's, Inc. will be used го 
broaden the M16 mobilization base by establishing 
a second production source which will be highly 
competent and competitive with Colt's for future 
procurement. The use of formal advertising, in- 
cluding 2-step formal advertising is inappropriate 
(even with euthority to exclude Colt's from bid- 
ding) because an award would have to be made to 
the lowest didder on the multi-year quantity. 


79 Budget Backup Data, ODCSLOG, undated. 


80 Memo, HQ АМС, 22 Sep 67, sub: Significant Elements of 
Second Sovrce Procurement Plan - M16 Family of Rifles. 
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Thus, the dual reason for the procurement, i.e., 
(1) broadening the mobilization base (production 
capacity and available production package) and (2) 
providing a highly competitive second source, would 
noi be accomplished by formal advertising. Further- 
more, under negotiation procedures, the opportunity 

i to 'buy-in' will be decreased through the requirement 
for submitting cost or pricing data under P.L. 
87-653 (Truth in Negotiations Act). 


Knovn qualified sources, including the three 
current mobilization preducers will be invited to 
participate. Proposals will be solicited, vithout 
price, requiring all offerors to submit technical 

° proposals meetíng Special stringent standards to 
l identify the unusual expertise and specialized 

facilities, including engineering support, necessary 

| for contract perfccmance. (See ASPR 1-903.2) During 
negotiation of Phase 1, any firm which does not 

| meet (or exceed) these special standaras may be 
eliminated from further negotiations and the ВЕР 

| will provide that the Government лау elect not to 


—— 


solicit prices from such firms. All remaining 
firms which meet (or exceed) these special standards 
will be asked to submit price proposals in Phase 2. 


| А firm-fixed price multi-year procurement 
covering a three year requirement of 167,000 rifles 
is planned. 


Desired and mandatory delivery schedules will 
be specified in the RFP. A reward incentive will 
be specified to encourage achievemant of the desire 
Schedule; a penalty incentive (e.g., liquidated 
damages) will be applied wen deliveries are not 


| 
| 


Contractors will be authorized to acquire for 
| government account, new facilities not to exceed 
E $4000,000; any stated DIPEC facilities; and one, 
| ог any part of one, of the available М14 production 
lines. 


Technical data and manufacturing drawings will 
be made available on аг incremental basis to partici- 
pating firms. 
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A complete technical data package will be 
released in sufiicient tine to allow for submission 
of complete technical proposals on a timely basis. 


Options will be included in tbc multi-year 
contract to pick up additional requirements. 
These options would have a ceiling price subject 
to downward negotiation, giving effect to escalation 
for labor and material, as appropricre, and the 
elimination of nonrecurring costs such as those 
incurred in start-up. Time, rate and production 
leadtime of the quantities added by the exercise 
of these options shall be determined in the course 
of negotiaticn. 


A review procedure consisting of a technical 
evaluation board to score individual contractor 
proposals reporting to a source selection council 
is proposed. 


The CC, AMC will be the source selection 
authority. 


After the evaluation of the tecanical proposals, 
the award will be aade in Phase 2 to a qualified 
source on the basis of the proposa! most advantageous 
to the Government, 'price and other factors con- 
sidered.' The other factors to be considered should 
include high grade engineering capability, reliability 
of the producer (cost estimating and production 
delivery scheduling), modern production methods and 
facilities, option prices, sources of equipment 
(lease, GFP, contractor-owned), availability of 
high grade personnel in-house vs. outside sources, 
and any other factors directly contributing to the 
organization of a contractor who will best meet 
the Government's requirements cr a reasonable price 
for the multi-year quantity and yet have the 
potential of competitive prices with Colt's in 
subsequent procurements to follow. To accomplish 
the foregoing, the RFP should require a!l offerers 
to submit a Contract Prícing Proposal (DD Form 633). 
This cost or pricing data is essential to identify 


CONFIDENTIAL 


nonrecurring costs in the basic contract so that 


they may be properly treated in determining option 
and follow-on prices, if any. The cost data will 


help to identify any 'buy-in' offers,-and will 


also provide a basis for judgment as to the realisn 
of the contractor's prices and technical competence. 


The dates of solicitation and award were: 


Events 

Presolicitation Notice 

Approval of Procurement Plan and D&F 

Presolicitation Conference 

Release of Step 1 КЕР 

Prepare and Release RFP 

Step 1 Technical Proposals received 

Source Selection Advisory Council 
briefed on proposals by prospective 
contractors 

Procurement obiectives revised to 
select two producers from the four 
offerors under consideration 

Additional data submitted by the 
four offerors in response to re- 
vised procurement objectives 

Source Selection Board evaluation 
completed 

Source Selection Advisory Council 
findings completed 

Decision by Source Selection 
Author ‘ty 

Congressional notification ot 
proposed awards 

Letter contracts awarded 


Ammunition Procurement 


18 


19 


Date 
Sep 
Sep 
Oct 
Oct 
Dec 
Jan 
Jan 


Mar 


Apr 


Apr 
Apr 
Apr 
Apr 


Apr 


68 


68 


The FY 1968 Presidential budget provided $52.9 million for the 
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procurement of 678.8 million rounds of 5.565 ammunition. 
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sult of the increased procurement of rifles at apportionment, the 
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ammunition procurement request was increased to 708 million саг- 


1/ 


tridges at a total cost of $73.2 million.8l The DOD budget deci- 


sion approved procurement of 658 million rounds at a cost of $57.0 
million,£2/ 

Ammunition production has exceeded the actual requirements. 
The decision to load tracer ammunition with only IMR propellant 


and bail ammunition with only ball propellant has had no serious 


impact on the production capacity of 5.56mm ammunition. 


41 
Jun 67. 


Exhibit Р-1, Supporting Data for FY 68 Apportionment, 9 


82 Program Change Directive 803:, DOD, dtd 1 Apr 68. 
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Н. Allocation and Distribution 


Allocation 


The allocation of the М16-М16А1 rifles and associated ammu- 
nition among services is accomplished by the Joint Materiel 
Priorities and Allocations Board. All serviccs are represented 
ас the board hearings, but allocations are based on priorities 
established or approved by the Secretary of Defense and the 
stated requirements of Commander, U.S. Military Assistance Command, 
Vietnam. 

As a result of actions by the Allocations Board, deliveries 
of rifles and ammunition may not be made to the service during the 
contracting period. 

Distribution 

Distribution of rifles and ammunition within the Army is based 
on established and approved requirements. Тһе theater distribution 
of the initial 85,000 rifles procured in fiscal year 1964 and the 
theater distribution of total assets through December 1967 (which 
includes the bulk of the fiscal year 1966 purchase) are shown in 
Table 5-8. Losses and distributions to Free World Forces are not 


included in quantities on hand. 


Table 5-8--ТНЕАТЕК DISTRIBUTION OF M16 RIFLE 


TOTAL TOTAL 
ON HAND ON HAND 
THEATER 1 JAN 66 31 DEC 67 
USAREUR 1,408 1,408 
Vietnam 32,068 191,354 
USARPAC less Vietnam 481 9,053 
Other Overseas 1,722 1,947 
STRAF 23,156 32,802 
*COM'S less STRAF 2,514 30,340 
TOTAL ACTIVE ARMY 61,349 266,904 . 
Reserve Components 1,197 1,151 
CONUS Depot 19,264 7,438 
TOTAL WORLDWIDE 81,810 275,493 


Source: PEMA Item Readiness 1966 and 1968. 


*Includes Training Base. 
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I. Negotiations 


To understand fully some of the features of negotiations with 
Colt's Inc. for the procurement of the sae ont rights and the tech- 
nical data drawings for the М16 rifle, it is necessary to know 
what part the several claimants to these rights have played in the 
development „f the M16 rifle. 

The recognized designer of the ARIS rifle is Mr. Eugene М. 
Stoner, who was employed as the chief engineer of Armalite, а 
division of Fairchild Aircraft. 

Mr. Robert W. MacDonald, president of Cooper-MacDonald, Inc., 
was an oversea sales representative for Fairchild prior tc the de- 
velopment of the AR15. Не was also a sales representative for 
Colt's Inc. After the ARIS was developed and its sales potential 
was recognized by Mr. MacDonald, he recommended to Colt's Inc., 
which had been negotiating for production rights with Fairchild, 
that Colt's tool up for production. 

Colt's Inc. acquired the rights from Fairchild on or about 
7 January 1959, at a cost of $75,000 plus 4% percent royalty on 
all weapons produced. Colt's contract with Mr. MacDonald provided 
а payment of $250,000 plus а 1 percent royalty on every rifle pro- 


duced.83/ (The fee to MacDonald is referred to as a finders fee 


83 Testimony Before the Special Subcommittee on the M16 Rifle 
Program,Hearings, ASC. 
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and takes into account funds which he expended on exhibits and 
firing demonstrations throughout the world.) 

The requirement that Colt's Inc. pay the above-mentioned 
royalties totating 55 percent was a factor in all negotiations. 

The Deputy Commanding General, U.S. Army Weapons Command, on 
3 July 1963, directed Project Manager, Rifles, to include two fea- 
tures in the negotiations with Colt's Inc. for the FY 1964 procure- 
ment of 104,000 rifles (85,000 for the Army and 19,000 for the Air 
Force). These two features, which had apparently been discussed 
previously (although not documented) with Colt's Inc. were: 

A government option to purchase the rights ard 
technical data package from Colt's at an agreed upon 
price or other consideration. 

That we will negotiate out, what we consider to 

be exorbitant, the 15% royalty paid to Fairchild.54/ 

(Note: The 157 applied to all repair parts only.) 

In the original Request for Quotation (RFQ), dated 8 August 
1963, Colt's Inc. was requested to quote a price for delivery to 
the govetnment of a compiete technical data package and the right 
to manufacture, or have others manufacture, the ARIS rifle. Colt's 
was not responsive to this portion of the RFQ, and by letter dated 


30 September 1963 stated that it did not intend or propose, as a 


part of or in conjunction with the present procurement, to sell or 


84 Meno, Hq, USAWECOM, 3 Jul 63, sub: Procurement 4415. 
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license all or any portion of its proprietary rights to the 
government. Colt's further stated that at such time as the total 
requirements for the rifle exceed 500,000 units it will consider 
licensing other sources of product ion. / 

A meeting was held in the Office of the Assistant Secretary 
of the Army (141) on 4 October 1963 regarding Colt's refusal to 
negotiate with the Army for proprietary rights of manufacture for 
the 1964 procurement. After a discussion with the Deputy Assis- 
tant Secretary of Defense, the Assistant Secretary of Defense (I&L) 
directed U.S. Army Materiel Соглаг4 to amend the RFQ to delete the 
requirement and to continue to negotiate after award in the event 
of a new requirement in the future 287 At the time of this decision, 
there were no plans to procure more than 85,000 rifles for the Army. 

During 1964, two meetings were held between Colt's represen- 
tative and General Counsel, U.S. Army Materiel Cormand, to discuss 
negotiations, опе оп 3 June 1964 and one оп 6 October 1965, At the 
6 October meeting, Colt's made four alternative offers; the most 
favorable was that the Department of Defense pay $5.4 million, less 


$10.00 credit for each rifle produced, plus 5 percent rovalty. 


(That is, if the Department of Defense nad procured 540,000 rifles 


85 Memo, Hq, USAWECOM, 30 Oct 63, sub: Submission for Ар- 
proval of Award of Contract for Rifle, 5.56mm, M16. 
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at that time the only cost would have been а 5 percent royalty.) 
This offer was unattractive at the time because there were no indi- 
cations tnat the Department of Defense would require 540,000 more 
rifles in the future. Тп June 1965 бы Army attempted to determine 
if Colt's proposals of October 1964 represented their best offer. 
Colt's responded with a different proposal in that it also wanted 
а guarantee that Colt's would be given the contract for the first 
100,000 rifles of the Army's requirement each year and would be 
permitted to bid competitively on any excess over 100,000,87/ 

The decision of 6 December 1965 to procure an additional quan- 
tity of M16 rifles renewed the Army's interest in the patent rights. 
Hovever, the letter order contract which was awarded on 7 December 
1965 for 100,000 M16 rifles did not include any provision for nego- 
tiaticns. The Army, because it urgently needed the rifles and 
wished to commence production as soon as possible, elected to in- 
clude this provision when the contract was definitized at a later 
date. 

The first known correspondence dealing with the proprietary 
rights in the fiscal year 1966 contract, was a letter from the 


General Counsel, U.S. Army Materiel Command, to the President of 


87 Testimony of ASA (I&L), р. 4725, and USAMC General Counsel, 
р 4823, in Hearings before the Special Subcommittee on №16 Rifle 
Program, ASC, 8 and 9 Aug 67. 
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Colt's Inc. оп 13 April 1966, with which was forwarded a draft 
license agreement and the suggestion that the Army ard Colt's heve 
a meeting to negotiate the terms of the contract. / 

The 13 April letter from USAMC was answered by Colt's on 25 
April 1966, stating in part :89/ 

We believe it is unrealistic to hope that we 

can effect a licensing agreement on or before reach- 

ing agreement on the proposed added quantities under 

our present letter contract. * * * We take the po- 

sition that the conclusion of a licensing agreement 

is not a necessary prerequisite to the procurement 

now contemplated under our letter contract. 

The subject of licensing agreement was further discussed at a 
meeting between the Army and Colt's Inc. on 14 May 1966. Ап addi- 
tienal negotiating session was scheduled at Rock Island for 16 Мау. 
However, this was cancelled when Colt's representatives stated they 
were prepared to come for general discussions but not negotiations. 
This meeting was followed by an exchange of correspondence оп 19 
and 23 May 1966 which generally related only to the agreement to 

90/ 
Negotiate. It was mutually agreed by both Colt's Inc. and the 
Army that the urgency of the requirement to produce rifles had рге- 


vented the completion of negotiations priov to the signing of the 


definitized contract for the РУ 1966 procurement. Оп 19 Мау 1966, 


88 Ltr, USAMC General Counsel to Colt's Inc., 13 Apr 66. 


89 Ler, Colt's Inc. to USAMC General Counsel, 25 Apr 66. 


96 Testimony, Hearings before the Special Sudco-mittee on 
$16 21216 Program, ASC, 27 Jul 67. 
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the two parties agreed to complete negotiations during the next 
six-month period and a clause was written into Contract 0018, stat- 
ing that negotiations must be completed prior to 1 December 1965. 

Again on 7 June 1966, the General Counsel of U.S. Arsy Mater- 
iel Command wrote to the president of Colt's Inc. urging that ne- 
gotiations commence at the earliest date. % A request for propo- 
sal (RFP) by Headquarters, U.S. Army Materiel Command, on 15 July 
1966 was answered by Colt's Inc. on 13 September 1966. This offer 
by Colt's quoted a price of $9 million plus a 9 percent royalty 
for the M16 rifle rights only, in addition to $8 million for the 
reproductíón of the technical data package. 2 

The Colt's proposal of 13 September 1966 was followed by geet- 
ings on 6 October, 11 Cctober, 2 Noverber, 21 Novenber, and 8 Decem- 
ber 1966 at which totai Army requirements and royalties were dis- 
cussed а:»золе length. There were also discussions on contract re- 
strictions of the second source producer 


During these meetings, it became apparent that the Colt“ s 


representative had access to the army's estimate for future 


91 Ltr, USAMC General Counsei to Colt's Inc., 7 Jun 66. 


Эг Testimony by USAMC General Counsel, р. 4753, Hearings be- 
fore the Special Subcommittee on M16 Rifle Program, ASC, 27 Jul 67. 


93 MPR's, USAMC General Counsel, 6 and 11 Oct, 2 and 21 Nov, 
and 6 Dec 66. 


requirements and to the Army's plans for expansion of the produc- 
tion base When this fact was brought to the attention of the 
Chief of Staff, he directed the Deputy Chief of Staff for Logistics 
to prepare a nemorandum establishing the General Counsel, U.S. Army 
Materiel Command, and the Project Manager, Rifles, as the single 
points of contact with Colt's Inc. until negotiations were com- 
pleted. 22/ 
Negotiations continued until the contract was finally signed 
оп 30 June 1967. The negotiations migat have been completed sever- 
al months earlier if a mutual agreement hau not been made cn 17 
February 1967 to negotiate only for rights to tle rifle and if the 
Army had not insisted on 2 March 1967 that the rights to the CARIS 
(XM177) submachine gun be included. New teras were thus introduced 
and required a longer time for resolution. 

The basic terms of the contract signed with Colt's Inc. on 30 
-une 1967 were summarized by Dr. Robert A. Brooks, Assistant Secre- 
tary of the Army (I&L). 

This contract deals with the acquisition of a 
patent license. . . . this license authorizes the 


United States to manufacture the rifles and subma- 
chine guas, or to cause them to be manufactured in 


4 
? MFR, USAMC General Counsel, 5 Dec 66. 


95 CSM 66-546, sub: Army Point of Contact with Colt's Fire- 
arms Division of Colt Industries, Inc., 16 Dec 66. 
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| the United States and to sell them, to give them to 
grant-aid countries, and to use them anywhere in the 
world. . . . 


А The terms of the contract are as foiiows: The 
Army is paying Colt a lump sum of $4.5 million for 
the rights. The Army will vay a 5% percent royalty 
on procurement of the weapons from sources other than 
Colt. This is subject to the condition that, if the 
royalty which Colt in turn is paying to its licensors 
4 should decrease, the royalty rate which the Army pays 
will be correspondingly decreased. 


| : Third, Colt has represented to us that their 

' s production rate (Note: production capacity) is 27,500 
units per month, plus spare parts. The Army will enter 
into a contract with them to take their production of 
these weapons up co this rate for the balance of the 
period of the outstanding contract--through April 1968, 
and for 24 months thereafter. 


During fiscal years 1968 and 1959 the Arzy will 
purchase from Colt оп a sole source basis its re- 
quirezcezts of spare parts and magazines, limited to 
those parts presently manufactured 5y Colt and to all 
| nondisposable magazines developed by Colt. 


We negotiate the prices, of course, of these 
| Spare parts from time to time. ТЕ will be subject to 
a ceiling price to be negotiated between the parties. 
The second source to be established under this 
license agreement will not have the right to manufac- 
ture or sell. except for and to the Department of Defense. 


Finally, until further notice from the Department of 
Defense but not beyond April 1970, the license which is 
granted pursuant to “his agreement shall give the Depart- 
ment of Defense the exclusive right to make foreign sales 
| of M16 rifles and ХМ177 type submachine guns, with such 
' exceptions prior to May 1970 for Colt's foreign sales as 
| Colt may from time to time submit prior to any commitment, 
j and the Department of Defense may approve.96/ 
| 
| 


1 96 Testimony of Dr. Brooks, ASACI&L), Before the Special 
Subcommittee on the M16 Rifle Program, ASC, 27 Jul 67, p. 4715-4716. 
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J. ality Assurance 

Introduction 

The quality assurance program for the М16 rií!e and the as- 
sociated 5.56mm ammunition developed by an evolutionary process 
from the general terms of commercial specifications to the re- 
quirements established today. Many of the current standards were 
created because deficiencies were discovered in the system through 
laboratory tests and field use. Appearing periodically, examples 
of poor quality control have served to reinforce a need 
to tighten existing controls or to establish new test or inspec- 
tion procedures. 
Development of Quality Control Procedures 

The basic policy for quality assurance is that the contrac- 
tors and producing activíties are responsible for controlling 
product quality and for offering to the Army for acceptance only 
those items or lots of items considered by them to conform to con- 
tractual requirenents.97/ The test procedures to be followed and 
the criteria for acceptance were included in the contracts for 
both the ammunition and the rifle. 

. 
The procurement agencies of the Army are responsible for de- 


termining, by verification inspections, that contractuai 


97 AR 715-20, 21 Apr 60, sub: Procurement Inspection and 
Quality Contrel. 


^  GUUTIUEA ETAL 


requirements have been complied with before the Army accepts sup- 
plies ard services, When definitive specifications are the basis 
for procurement, the inspection system of the contractor will be 
considered acceptaole if the quality of the produced supplies or 
services is consistently acceptable, and the production process 
includes, as a minimum, the performance of those quality assurance 
provisions stated in the specification. 

Verification inspection procedures include a review and eval- 
uation of the contractors' quality control procedures. The verifi- 
catien inspection will insure that the contractor has correct gag- 
ing, measuring, and test equipment and that the equipment is pro- 
perly calibrated. The verification inspection will also include 
examination of the inspection records maintained by the contractor. 

Prior to 1962, the Deputy Chief of Staff for Logistics had 
overall staff responsibility for the implementation of verification 
.nspections. The transfer of certain procurement functions from 
the Office of the Deputy Chief of Staff for Logistics to the Office 
of the Assistant Secretary of the Army (I&L) on i August 1962 shifted 
the functions of procurement policy and contract award, including 
verification procedures, review, and supervision to the Office of 
the Assistant Secretary of the Army (151). 38/ АС the present time, 


the Army staff has no assixred responsibility for quality assurance. 


98 Ltr, DA, 19 Jul 62, sub: Transfer of Certain Procurement 
Functions fron ODCSLOG to ОАЗА (ISL). 
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Headquarters, U.S. Army Materiel Command, is responsible for 
implementation of the quality assurance program for the Department 
of the Army and has direct access to the Assistant Secretary of 
the Army (I&L) on quality assurance matters. The USAXC quality 
assurance system extends and applies throughout the entire life 
cycle of an item of materiel. The system starts its operation dur- 
ing the USAMC participation in the preparation of qualitative mater- 
iel requirements (ОМК), small development requirements (SDR), or 
other research and development project authority documents; pro- 
gresses through design, testing, production, and use and recondi- 
tioning phases; and ends only when the item is dropped from the 
supply system. / Headquarters, USAMC, is also responsible for in- 
suring that production contracts contain a clear statement of qual- 
tiy program and quality control requirements and that the contractor 
has been found capable of carrying out the requirements. In 1964 
and 1965 Defense Contract Administrative Services (DCAS) was 
created and assumed responsibility for in-plant inspections and 
acceptance. 

Specific tests that are required during the production and 
post production phase of the life cycle of materiel are defined as 


Foils 


The preproduction is an engineering type test of 


99 Regulation, На, USAMC, ANCR 700-6, 19 Oct 64, with Change 
1, 2 Dec 64, sub: USAMC Quality Assurance System. 
100 Resuiation, На, USAC, ALTR 70С-6. 19 Әсі 68, with Change 


i. 2 Dec 65, sub: USAC Quality Assurance Syste.. 
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а preproduction model which has been produced in 
accordance with the supply procurement specifications 
and drawings using the same methods, meteriels, and 
equipment as will be used during regular production, 
in order to verify production drawings, processes, and 
materiels. 


Production tests are required to assure that the 
product from production meets the user quality re- 
quirements and is at least as good as the quality 
standard expressed by the QMR on the type-classified 
iten. 


Ап initial production test is conducted of ап 
early item from the first production run. This test 
is for the purpose of verifying the adequacy and 
quality cf materiel when manufactured according to 
the production drawings and the mass production 
processes. 


Comparison tests are tests of random samples of 
production line items, conducted as a quality assur- 
ance measure to detect any design, manufacturing, or 
inspection deficiencies that may reduce the effective 
operation of the item by the using agency. 
Surveillance tests are conducted to determine 
the extent of deterioration of an item while in 
stockpile. 
The acceptance testing specifications for the М16 rifle out- 
line those tests which are to be conducted by the contractor 2017 
The manufacturer may utilize his own facilities or any other com- 
mercial laboratory acceptable to the government. The purchase 
description requires specific testing for (1? headspace; (2) firing 
pin indent; (3) trigger pull; (4) interchangeability of parts; 


(5) high-pressure resistance; (6) targeting and accuracy, 


101 Springfield Armory Purchase Description (SAPD) - 253B, sub: 
Acceptance Testing Specification for Rifles, 5.56mm, N16, and 
XMi6El, 29 Арг 65, with Amendment, 24 Oct 66. 
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functioning, and reliabili.y firing tests; and (7) final examin- 
ation of the rifle. (The requirement for each test is outlined in 
Inclosure 5-1.) The requirements and тар for the above tests 
are &pproved by all services. 


Table 5-9--М16 ACCEPTANCE DATA 
BASED ON COLT'S FINAL INSPECTION REPORTS 


Number Number 
: of а оЁ Weapons. Percent 
9 š ° Tested: Accepted Accepted 
Ist Quarter 1964 356 326 91.6 
2d Quarter 1964 10,965 10,446 95.3 
3d Quarter 1964 19,151 16,930 88.4 
4th Quarter 1964 24,914 22,069 88.6 
: Ist Quarter 1965 26,355 24,756 93.9 
2d Quarter 1965 24,925 24,165 97.0 
3d Quarter 1965 25,274 24,244 95.9 
4th Quarter 1965 25,599 24,200 94.5 
|| | 
= 18: Quarter 1966 40,749 37,289 91.5 
Р 24 Quarter 1966 50,425 48,100 95.4 
: 34 Quarter 1966 42,555 40,505 95.2 
E | 4th Quarter 1966 65,969 63,000 95.5 
lst Quarter 1967 77,381 75,000 96.9 
2d Quarter 1967 82,280 29,000 97.2 
} 39 Quarter 1967 27, 741 ~ 4,000 86.4 
Ї 4th Quarter 1967 93,713 91,100 97.2 
1 
| 19683/ 28,185 27,500 97.6 
| 


1 Number of weapons fired (initial and repeat firings) in the 
function firing (which is the first) phase of the quality assurance 
inspection. 


| 2 Number of weapons accepted after the function firing, accuracy, 
: targeting, and final inspections. 
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Тһе development cf quality control procedures for 5.56mn am- 
munition commenced with the FY 1964 procurement. U.S. Army Muni- 


tions Command, however, had provided assistance to the 0.5, Air 


, 


Force in 1963 in the development of the product speei fi cat on. 


The Air Force specification, discu.sed previously, was basically 
an adaptation of the commercial specification developed by Reming- 
ton Arms Company, Inc., and provided for a degree of quality 
assurance. Modifications to the military specifications (as out- 


lined in Inclosure 4-1) were, in part, the result of changes to 


| 
| 
1 
| 
1 | the quality assurance provisions. The requirement for the fouling 
| test, as discussed in Appendix 4, was based on the need to maintain 
quality control of production. Changes in the military specifica- 
| tions which established metallurgical controls over cartridge cases 
ard primer composition were measures to achieve standardization in 
5.56mm ammunition and to prevent the occurrence of system incom- 
patibilitics / 
Those characteristics contained in the military specifications 
requiring quality assurance testing and the standards which must be 


met by the 5.56mm M196 tracer cartridge are outlined in Inclosure 


5-2 and by the 5.56mm M193 ball cartridge, іп '"Inclosure 5-3. 
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| 102 MFR, На, USAMUCOM, 26 Jun 63, sub: AIs Rifle Ammunition 
у | (eal. .223). 


103 Ltr, Frankford Arsenal, 24 Aug 67, sub: Quality Assurance 
Provisions for 5.56mm Cartridges. 
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А general review of the quality of 5.56mm M193 ball car- 


~ 


tridges of amaunition produced through FY 1967 and the first 
quarter of FY 1968, a total of 660 lots representing 909 million 


cartridges, presents the acceptance data on these lots as shown 


in Table 5-10, 194/ 


Table 5-10--TOTAL LOTS PRODUCED 
FISCAL YEAR 1967 AND FIRST QUARTER FISCAL YEAR 1968, 
5.56тт M193 BALL AMMUNITION 


Lots Total Rounds 
E | Submitted for Acceptance 660 909,056,506 
i | Accepted оп First Test 596 840,036,371 
3 u Accepted on Retest 47 49,656,295 
j Accepted on Waiver-- 6 10,036,200 
4 | Unrestricted Use 
1 | Accepted on Waiver-- 6 2,272,760 
3 For CONUS Only 
Е | Pejected 5 7,054,889 


104 Memorandum, Frankford Arsenal, 23 Oct 67, sub: Quality 
Assurance Review of 5.56ma M193 Ball Ammunition. 
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К. Conclusions 
The procurement of the М16 rifles has been discontinuous and 
uncoordinated because of the lack of a definitive rifle program. 


The rifle program is based upon total requirements, the status of 


.= rr 


follow-on weapons, status of production base, and budget guidance. 
р All of these factors have influenced the rifle program, and соп- 


| sequently the annual procurements. The procurement of ammunition 


| has been related to the current and planned distribution of rifles 


and to the rifle production schedule. 


| 

| : Both the M16 rifle and ammunition were introduced into the 

| Army inventory in sizeable quantities without undergoing the stand- 

| ard procedures required for Tvpe Classification, Standard A, This 
fact significantly contributed to the quality assurance problems 


that were experienced. 


There has been no significant production problems with the rifle 
except for minor discrepancies in quality control. Colt's delivery 
record has been outstanding in that delivery schedules have 
invariably met or exceeded contract quantities. The production 
Schedule of ammunition has been delayed on several occasions as 


а result of shortages of materials and of the inability of producers 


d 
— — — — — — = 


to meet the specifications. The expansion of the ammunition production 


base resulted in the requirement fcr more stringent control measures and 


a period of time for the new producer to gain production experience. 
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The future expansion of the production base for rifles could easily 
result in additional control measures and a lag in production by 
new producers until they acquire the production experience Colt's 
now has. 

The Army procurements during fiscal years 1962-68 have been 
irregular although the deliveries reflect a steady increase (see 
Table 5-11). The FY 196$ deliveries to the Army are not firm and 
may change as directed by the Joint Allocations Board. ine №16 
rifle procurement program for all services for fiscal year 1961-68 
total over one miilion rifles (Table 5-12). 

Negotiations extended over an excessively long period (from 
1963 to 1967). A review of the procurement history indicates that 
the Army's changing requirements for rifles was a primary factor 
in the negotiations. In 1964 when Colt's offered four proposaís for 
consideration, the Amy could not foresee a requirement for further 
procurements. By the time the Army had established а requirement 
again in 1955, Colt's was in a position to negotiate on its ovn 
terms, which were understandably motivated by profit. Because the 
1966 procurement was based on an urgent requirement in Vietnam, the 
Army was forced to buy, and hope for a more favorable agreement 
with Colt's later. Undoubtedly, Colt's believed that tire was on 

its side, and that the requirements for rifles in Vietnam would 
force the Army to sign an agreement for rifles on terms favorable 
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to Colt's. Тиз Army was in a position in which time would not 


permit the establishment of a second producer without a contractual 


agreement with Colt's. The delay in final negotiations was further 
aggravated by a lack of understanding by Colt's and the Army of the 
requirement for rights to the ХМ177 submachine gun. 

After the firsc 100,000 weapons are produced, very little re- 


duction in unit price appears to be experienced in the small arms 


manufacturing industry, including automated production. The learn- 


( <. 
~ ا‎ 
ing curve is approximately ninety-eight percent (see Inclosure cpp” ; 


The establishment of multiple sources for M16 production does 
not appear to be economically justjfied unless the recurring unit 
cost at Harrington aad Richardson is at least 33 percent below that 


established by ceiling prices and che recurring unit cost at General 


Motors is at least 60 percent below that established by the ceiling 


— 


-La 
5 | prices (see Inclosure чим). However, a prime consideration in these € — 


~ 


procurement contracts was accelerated quality production. 
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FISCAL YEAR 1904 MILESTONES 


1 Mill.on Rounds 


September 1963 December 1963 
Schedule Schedule Description of Action 
12 Aug 63 12 Aug 63 Preduction Proposals Solicited 
14 Aug 63 14 Aug 63 Coordination of Specification Complete 
16 Aug 63 16 Aug 63 Receipt of Program Authority 
20 Jan 64 Contractor's Response to Revised 
Proposal 
A . 24 Jan 64 Review and Evaluate Proposals, Select 
| Contractor and Make Allocation to the 
| | District 
3 | 1 Хоу 63 7 Feb 64 Production Contract Awarded 
H 10 Jan 6- 5 3 Apr 64 Delivery for Special Engineering Tests 
| 1 Feb 64 1 Мау 64 Complete Special Engineering Tests 
у Milli ds 
l ; 
c 23 Aug 63 23 Aug 63 Receipt of Program Authority (27 Million _ 
E Rounds) 
E 
с | 12 Sep 63 12 бер 63 Receipt of Program Authority (104 Million 
Ё Rounds) Total of 131 Million Rounds 
E | 4 Nov 63 27 Dec 63 Production Proposals Solicited 1 
à 31 Jan 64 Contractor's Response to RFP : 
i : 
i 14 Feb 64 Review and Evaluate Proposals 
9: 
| 10 Jan 64 2 Mar 64 Product: i Contract Awarded | 
i 30 Арг 64 30 Jun 64 Initial Delivery | 
= 30 Mar 65 Production Contract Completed 
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Analysis of Current М16 Rifle Procurement 

Background 

In the analysis which follows, cost data from each of the M14 
rifle producers have been evaluated to gain insight on cost-quantit; 
relationships in the small arms manufacturing industry. These re- 
lationships are then compared with past and projected procurement 
of the M16 rifle. 

Procurement cost data for each of the four M14 rifle producers 


are illustrated in tabular form in Table I. The target price data 


shown was stipulated in the contracts. These data do pot include 
initial tooling, facilities, government furnished i or 
eee ees Е әуе: 


other start up costs, 


From an inspection of the data presented in Table I, it can be 
seen that the M14 unit cost increased significantly for each com- 
mercial producer until approximately 100,000 rifles were produced. 2 
After that, costs decrease as a function of quantity on approxi- 
mately a ninety-eight percent slope, After the initial 15,000 
unit run, Springfield Armory costs were decreasing on the same 
slope as that experienced by industry, The lower cost per unit at 
TRW was attributed to the fact that they developed an automated 
production Line. 


Tooling, facility and other start up costs on the M14 rifle 


program were in excess of $27 million. Additionally, each rifle 


Table I 
M14 Rifle Production 
and Target Price 


а Fixed price redetermirable. 
Redetermined price is listed 

© Fixed price incentive based on cost. 
Firm fixed price. 

© Firm fixed price delivery incentive. 


Contract Target 
Contractor & Contract №. Date Quantity Price 
Springfield Armory 
OWC Order №. 1 26 Mar 58 15,600 $175,00 
ОМС Order №. 2 7 Oct 59 32,000 128.00 
| OWC Order №. 3 бер 60 70,500 128.0С 
| | OWC Order №. 4 Aug бі 49,000 124.00 
Ë ! 
j | Harrington 6 Richardsen 
' | DA 19-020-080-4921 29 Apr 59 35,000 $ 83.66а/Ъ/ 
p DA 19-020-ORD-5208 7 Apr o0 20,000 114, 293/b/ 
ЈЕ ВА 19-020-080-5447 10 May 61 133,000 113.606/ 
1 DA 19-020-080-5599 15 Feb 62 224,509 106 80£/ 
1 | DA 19-020-АМС-0007н 12 Oct 62 75,009 97,604/ 
aA Olin Mathieson 
1 DA 19-020-030-4853 17 Feb 59 55,000 $ 58,753/ 
E DA 19-020-080-5209 30 Nov 60 81,500 91.00% 
DA 19-020-089-5593 13 Apr 62 90,090 118, 8257 
ES DA 19-020-АУС-0006Н 8 Oct 62 150,021 104.503 
| 
|! 
` DA 11-199-080-687 2 Oct 61 100,000 $ 71.735/ 
| DA 33-019-AMC-14(W) 8 Oct 62 219,163 79.508. 
| rk 
! 


—— 


БОА 


was ecuipped with five magazines at a total cost of $4.20 рег wea- 
роп. By amortizing the non-recurring costs over the entire produc- 
tian runs and including magazine costs, the actual cost of the M14 
rifle as approximately $25 above that shown in Table I. 
Past production end unit price for che M16 rifle are illus- 
sted in Table II. These data differ from that illustrated for 


TES 


=+ MIL rifle in that these data represent the total cost of the 


e(t 


weapons procured, including seven magazines. No additional tooling, 
facility or non-recurring start up costs were incurred. Current con- 
181210 options permit the cumulative quantity of weapons produced to 
be extended from that shown to a total or 1,100,000 weapons at a 

unit price of $104.39 for the additional weapons, It can be seen 
From inspection of the da- 


Table 11 that the unit price for the 


M16 rifle has decreased a. 


— 


ion of tetal quantity produced. at 


— - —— = — , 


approximately the same rate аз the МІЗ rifle. 
= r E = — к 


Multiyear letter contracts for second source М16 rifle pro- 
ducers were announced in April 1968, Preduction quantities and 


ceiling prices are illustrated in Table III. 
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Table il 
M16 Rifle Production 
and Unit Price 


Contract | Unit 
Contractor & Contract No. Date Quantity Price 
DA 11-199-AMC-508 Nov 63 84,250 $126.37 
DA 11-199-АМС-508 Jul 65 100 125.37 
БААЕ 03-66-C-0018 Jun 66 403,905 111.50 , 
DAAF 03-66-C-0018 Jun 66 15,372 107.00 
| DAAF 02-66-6-0018 Dec 66 10,000 102.30 
DAAF 03-66-C-0018 Dec 66 27,531 104.58 
РАЈЕ 03-66-С-0018 бар 67 124,772 107.61 
DAAF 03-66-C-0018 Sep 67 74,414 106.24 
DAAF 03-66-С-0015 Sep 67 43,530 104. 39 
e Table III 


| M16 Multi Source Procurement 
| E Ceiling Prices 


Contract Ceiling 
Contractor Period Quantity Price 


Harrington & Richardson lst year 60,009 $250.00 
2nd year 280, 000 150. 00 


! 
| 
| 
| 
| 
у General Motors Cor p. lst year 60,000 316.00 
x. 2nd year 180,000 205.00 
4 
| 
| 
t 
| 
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| 
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The data in Table III differs from that previously illustrated 
ir that all normal elements of non-recurring start up costs have 
been included. However, non-recurring costs of $5.3 million to 
acquire the proprietary rights and technical data package required 
to establish these production sources have not been included, Ёе- 
curring costs of $8.68 per rifle for the required seven magazines 
and a royalty payment of 5,5 percent of the total cost per unit are 
not included in the ceiling prices, 

Analvsis 

Three assumptions have been made in the analysis which follows: 

l. The Authorized Acquisition Objective (A40) for M16 rifles is 
2,000,000. 

2. Colt production will be terminated at 1,000,000 units. 

3. Procurement of che remaining rifles to complete the AAO 
will be equally divided between General Motors and Harrington & 
kichardscn, 

Amor r iz ing che 55.3 million non-recurring cost of acquiring 
production rights over the 1 million rifles to be produced results 
in a per unit increase in cost of $5.30. This, togethar with the 
re.urring cost of $8.38 per weapon to obtain seven magazines and 
5.5 perceut royalty cost, provide the basis for constructing a 
table of comparable costs for M16 rifles, These data are illus- 


trated ín Table IV. 
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ТЕ the difference between first and second year ceiling prices 
is considered as non-recurring start up cost and the remaining 
variable cost element of the Harrington and Richardson ceiling 
price is reduced by one-third, the result ing total unit price fer 
each of the three years wouid be $225.43, $119.92, and $116.77, 
respectively. Under these most favorable circumstances, the pro- 
curement at Harrington and Richardson would cost $13 millicn more 
than current prices from Colt. If the AAO were to double over that 
assumed, the resulting units would decrease in price an additional 
| $9.00 or approximately $107.00 per rifle. 
| By a similar analysis, if the variable cost element of the 
| General Motors ceiling price were to be reduced by sixty percent, 
| the resulting unit prices would be $218.05, $100.94, and $99.36, 
| ! respectively. Under these most favorable circumstances, the pro- 
curement at General Motors would cost 32.9 million more than cur- 
rent prices from Colt. An increase in the AAO would have the same 


effect as that illustrated for Harrington and Richardson. 
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Appendix 6 
REVIEW AND ANALYSIS OF M16 SYSTEM RELIASILITY 
А. introduction 

The reliability of any Army weapon system depends on the reli- 
ability of each component of that system. Іп the case of small arms 
these are the man, the weapon and accessories, and the ammunition. 
This analysis will examine the reliability of the M16 weapon and am- 
munition combination under stated conditions of maintenance and main- 
tenance schedules. The percentage of system failures, or malfunc- 
tions, experienced in Vietnam in the fall of 1966 and the spring of 
1967 that could be attributed to the man component, that is, to the 


rifleman and his supervisors, cannot be determined; however, man 


ca a aa a acc — rir cR ES НЫЙ 


failures are discussed in connection with M16 rifle training (Appen- 
dix 3) and in the Vietnam surveys on the M16 rifle (Appendix 7). : 

Certain terms used in this analysis have specific meanings in E: 
connection with the weapon system: the reliability of a weapon is E 


the extent to which it will operate for extended firings without a 


nalfunction;l/ a stoppage is any unintentional interruption of the 


—— — 


cycle of operation of the weapon; 27 immediate action is the unhes- 
itatiug application of a probable remedy to reduce a stoppage with- 3 


out investigating the cause;3/ and a malfunction 15 the failure of 


1 the reliability of a weapon is normally expressed in the 
number of malfunctions experienced per 1000 rounds fired. 


2 ұм 23-9, Jul 66, para. 14. 
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the weapon to operate in the normal (or designed) manner, whether 


or not a stoppage occurs. 
There are three types of malfunctions. A Type I malfunction 

is one that causes a stoppage in firing regardless of how easily 

the stoppage may be cleared. Failures to feed, to fire, to ex- 


tract, and to eject are the most common, A broken or damaged 
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part is included in the definition of a Type I malfunction if the 


part is a critical component in gun functioning, even if the break- 
age did not cause a stoppage. 

A Type II malfunction is one that does not cause a stoppage 
but does reduce significantly the effectiveness of the weapon, 
preventing it from completing its full mission. Firing two rounds 
on a Single trigger pull, with the selector set for semiautomatic 


fire is one example of а Type II malfunction; a rear or front 


sight that will not remain as set, that is, one that changes set- 


hn 


tings when the weapon is fired, is another. 
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A Type III malfunction is one that does not cause a stoppage 


or otherwise significantly reduce the effectiveness of the weapon. 


ГУЯ 


A failure of the bolt to remain to the rear after the last round 


in a magazine is fired is an example of this kind of malfunction. 


(For the identification, abbreviation, and description of the most 


common malfunctions of the М16А1 rifle, see Inclosure 6-1.) 


While reliability is critical to all weapons systems it is 


= one of the most important characteristics of the rifle, which is 
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the arm of the infantryman. According to one of the Small Arms 
Weapons Systems (SAWS) Study documents: 


Durability and reliability are those features 
of design and construction which will enable a weapons 
system to function in sustained infantry combat under 
varying conditions of climate, terrain and combat 
environment. Excessive maintenance requirements (to 
insure functional reliability), and necessity for spe- 
cial precautionary operating techniques, to preclude 
damaging weapons, are not acceptable. Both the weapon 
and ammunition must function effectively for a reason- 
able period of time, or for an acceptable number of 
rounds fired without a high malfunction rate.4/ The 
firer should be able to clear malfunctions or stop- 
pages that occur by the application of immediate action. 
Finally, the functional reliability will enhance the 
firer's confidence in the weapon with a resulting 
increase in weapon effectiveness.5/ 


Due to a lack of confidence of personnel in 
an unreliable weapons system, they шау become reluc- 
tant to engage the enemy. . . . this characteristic 
becomes more critical as ranges becone closer and 
the firer's vulnerability becomes greater.6/ 


Since there have been many changes in both the M16 rifle and 
its ammunition since the first tests were conducted, and since 
test conditions and controls have varied from test to test, an 


analysis of the system reliability will be made of each set of 
EN 
data presented. 


"A reasonable period of time"; "an acceptable number of 
rounds," and "a high malfunction rate" are not defined for any 
small arms system. Theoretically, of course, a weapon should func- 
tion all the time on every round without any malfunctions. 


5 USACDCIA Staff Study, Weapons Characteristics Affecting 
Infantry Tactics and Techniques, Jun 65, Annex B, para. 3a(4). 
6 Ibid., Annex С, para. 3c. 


6-3 


_ № OR ША. ber ИШ 


Ne MNA 


t 


£ 


НН 


B. History of M16 Rifle Systems Reliability 

Prior to 1962 

Before 1962 there were five test reports which provided 
usable reliability data. The results are analyzed here in 
chronological order. 

A USAIB Test 

The first was the U.S. Army Infantry Board (USAIB) Evaluation 
Report on the Armalite АК15, 27 May 1958. The purpose of the 
test was "To determine the potential of the Armalite (AR15) small 
caliber high velocity rifle to replace the M14 and M15 rifles." 
The report covered only tests made under temperate climate conditions; 
Arctic tests were conducted and reported separately. The conclusions 
indicated that the AR15 was superior to the Ml4 with respect to 
weight, ease of assembly and disassembly, reliability under simulated 
combat conditions, and ease of handling. The АК15 was found inferior 
to the M14 only in penetration and flash suppression. In all other 
respects the two weapons were comparable. 

The original AR!5 rifle configuration was submitted to the 
Army for evaluation. The weapon had a light barrel, no flash hider, 
no bolt assist device, no chrome chamber, and was equipped with the 
original buffer design. Ir was a scaled down version of the АК10 
(7.62mm). The АВ15 had been in the process of development less than 
a year (development had begun about June 1957) and rifles tested 


were not production models. During the course of the test, the 
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gas port in the АК15 barre! was enlarged an additional .005 inch, 


from .077 to .082 inci, to provide more gas power for operating the 


rifle. This change had been found necessary when the operating 


parts and chamber became dirty during the simulated combat conditions 


ТҮП, 


test. The original 25-round magazine was used in the test. Production 


models of the M14 (T44E4) were used as control weapons. 

Two types of ammunition for the AR15 were used in testing: 
ball cartridge caliber .224, Winchester E2, with а 53-grein 
projectile at a muzzle velocity оЕ 3,300 feet per second, which was 
used for all tests, and ball cartridge .222 Remington, with a 


55-grain projectile at a muzzle velocity of 3,275 leet per second. 


which was used only in the penetration test for comparison purposes. 


Хорс) 


The Remington cartridge was developed to the specifications of 


Armalite. Although the type of propellant used in these cartridges 


7. 72 


was not mentioned in the report, Remington loaded only IMR 4475 


шин 


propellant in the early ammunition lots. Bali cartridge 7.62mn, 


M59, Lot LC 12011 was used as control ammunition; the M59 was the 


standard round for the M14 at that time. 


The reliability of the weapons was assessed under simulated 


combat conditions as follows: 
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Velocity Rifles-Armalite (AR15), 


Test 7. Simulated Combat Conditions 


1. Purpose. To determine and compare the 
performance of the test and control rifles under 
simulated combat conditions. 


2. Method. 


a. aA course consisting of six lanes was 
constructed. Obstacles of various types (barbed 
Wire fences, ditches, shell holes, etc.) were 
constructed in each lane so that the lanes become 
progressively more difficult, lane 1 being the 
least difficult and lane 6 being the mest difficult. 
No minimum acceptability criterion was established 
since the purpose of the course was to establish 
relative performance. Each weapon entered the 
course at lane 1 and proceeded through the firing 
points (five firing points in each lane) until 
8 out of 10 rounds resulted in malfunctions (four 
malfunctions of 5 rounds fired at each of two 
successive firing points). The weapon was then 
removed from the course, field stripped and cleaned. 
In the event of breakage or stoppages that could 
not be corrected by the soldier negotiating the 
course, the weapon was removed from the course, 
cause of breakage or stoppage determined, ana the 
weapon disassembled and cleaned prior to restarting 
in lane i. Each weapon entered the course at lane 
1 four times (three semi-automatic fire runs and one 
automatic fire run). 


b. Malfunctions by type and number of 
firing points completed were determined and recorded 
for each type rifle. 


2 = 2 8 
The results of Test 7 are as follows -/ 


Rpt of Project 2787, Evaluation of Small Caliber High 
USAIB, 27May 58, Test 7, р. 11. 


8 For detailed malfunction data, see Inclosure 6-2, 


Table 1. 
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Malfunctions 


Mode of Rounds Total Number per Points 
Weapon Fire Fired Number 1,000 Rounds@/ Completed 


АК15 Semiautomatic 2,916 61.4 41 
М14 Semiautomatic 1,586 159,5 23 
AR15 Automatic 662 122.4 28 
M14 Automatic 751 133.2 2 


Total АК15 3,578 72.7 69 
M14 2,337 151.5 55 


i Average for all runs. 
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The reliability of the weapons was assessed under adverse condi- 
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tions as follows: 
Test 8. Adverse Conditions 


1. Purpose. To determine and compare the performance 
of the test and control weapons under adverse condi- 
tions. 


2. Method. š 


a. Clean and properly lubricated test and 
control rifles (two of each type) were fired, at the 
rate indicated below for 5 days without further care 
and cleaning. 


15Е day &O rounds per minute for 5 minutes. 
2d day 15 rounds per minute for 30 minutes. 
3d-5th day 8 rounds per minute for 15 minutes. 


— e pi da и Хн а 


b. Prior to each exposure to the conditions 
discussed below, the test and control rifles (two of 
each type) were thoroughly cleaned, properly lubricated 
and fully loaded, including one round in the chamber. 
Spare magazines (loaded) in ammunition pouches were 
exposed to the same adverse conditions. 


(1) The rifles were submerged in muddy 
water for 5 minutes then drained and fired. The : 
rifles were then cleaned and again submerged in Р 
muddy water for 5 minutes, drained, left to dry for : 
24 hours and fired. (Muddy water approximated that 
found in shell holes, etc., on the battlefield.) 


(2) The rifles were fired while exposed 
to an artificially generated 25-mph wiad laden with 
dust anc sand. This exercise was repeated to allow 
rotation of weapons and change in wind direction 
(left-right sides). 


(3) The rifles were fired in a light | 
downpour of artificial rain (100 rounds). 
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c. Clean and properly lubricated test and 
control rifles (two of each type) were stored, with 
loaded magazines and a round in the chamber, in a cold 
room at -259F for 72 hours, then transported in insulated 
containers to the testing range and fired (100 rounds). 


d. Clean and properly lubricated test and 
control rifles (two of each type) were stored with 


* ` 
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loaded magazines and a round in the chamber, in a hot 
room at 125ОЁ for 72 hours, then transported in 
insulated containers to the testing range and fired 
(100 rounds). 


e. Clean and properly lubricated ri. es 
(two of each type) were fired (100 rounds), stored 
with loaded magazine and a round in the chamber, in 
а cold room at -25°F for 24 hours, then transported in 
insulated containers to the testing range and fired 
(50 rounds) .2/ 


The results of the adverse condition tests were: 


Malfunctions 
Rounds Total Number per 

Test Weapon Fired Number 1,000 Rounds 
5 days without ARIS 2,020 10 5.0 
care and cleaning M14 2,020 0 0,0 
Muddy water AR15 40 34 850.0 
M14 41 36 878.0 
Sand and dust АВ15 81 19 234.5 
M14 33 32 969.7 
Artificial rain AR15 200 0 0.0 
M14' 200 3 15.0 
-259 for 72 AR15 200 2 10.0 
hours M14 200 0 0.0 
125° for 72 AR15 200 1 5.0 
hours M14 200 48 240.0 
100 rounds then ARIS 100 0 0.0 
-250 for 24 hours M14 100 0 0.0 
Total — All ARLS 2.841 66 23.2 
adverse conditions M14 2,794 119 42.6 
Rpt of Project 2787, Evaluation of Small Caliber High 

Velocity Rifles, Armalite (АК15) USAIB, 27 Мау 58, Test 8, p. 14. 
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The evaluation was a valid comparison of a limited sample of 


ТЕ 
9 


weapons (2 АК155 and 2 M14's) and ammunition reliability under ex- 


tremely adverse conditions. Although the report suggested some 


product improvements in the weapon,— 10/ it concluded that the ARIS 
was more reliable than the M14 in a temperate climate. 


AN ARCTIC TEST 


e Cub ptus ll fH 


The seccnd report in this period that yielded usable informa- 
tion was tke U.S. Army Arctic Test Board Evaluation Report on the 
Armalite (AR15), 17 April 1959. The purpose of the test was "То 
determine the potential of the small caliber high velocity rifles 


to replace the М14 and M15 rifles under arctic winter conditions." 


FFF 


apa 


The conclusions indicated that "The AR15 rifle, when modified to 


ғ 


CAT 


correct deficiencies, . . . is a potential replacement for the 
М14-М15 rifle for Army use under arctic winter conditions."  Fur- 
ther, the report noted that "attempts were made to fire two each 
АК15, M14, BAR, and Ml rifles at ambient temperatures ranging from 
-539 to -569F. The two АВ15 rifles were the only rifles that 
functioned." 

The weapon tested was the same as that described for the USAIB 
evaluation test above, the АК15 serial numbers 7, 8, and 9. The 
control weapon, M14, was also the same. Ball cartridge, caliber 
.224 Winchester EZ, Lot 24NC91 (1958) loaded with IMR propellant 


was used. The M59 7.62mm ball cartridge, Lot FAX7.62L2369 (1954) 


See Appendix 11 for details of product improvements 
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The reliability of the weapons was assessed under adverse 


conditions as follows: 


2 


Test 7. Adverse Conditions 


1. Purpose. To determine and compare the 
performance of the test and control rifles under 
adverse conditions. 


2. Method. 


a. Phase 1: After cold-soaking in the 
open at ambient temperatures ranging from 8°F to -210Е' 
for 58 hours, two each АК15 and M14 rifles were moved 
into a warm shelter for 30 minutes where ambient 
temperatures ranged from 75°F to 709Е, They were 
then returned to the open, exposed to an ambient 
temperature of -4°F for one hour, and each fired 
100 rounds. Rifles were then field cleaned and 
lubricated, fired 100 rounds each, allowed to 
cool for 2 hours, and again fired 100 rounds each. 
Ambient temperatures ranged from -1°F to -4°F. 
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b. Phase 2: After cold-soaking for 17 
hours at ambient temperatures ranging from -20Е to 
-69F two each AR15 and M14 rifles, fired 60 rounds, 
were buried in saow for 30 minutes and again fired 
60 rounds. The burying and firing cycle was repeated 
6 times during which the rifles were buried 3 times 
with the sights up and 3 times with the sights 
down at an ambient temperature of -49Е. 
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c. Phase 3: After cold-soaking for 15 
hours at ambient temperatures ranging from -4°F to 
24°F, two each AR15 and M14 rifles were moved 
into a warm shelter for 20 minutes at an ambient 
temperature of 759F, returned to the open and 
allowed to cool for one hour at an ambient tempera- 
ture of -89F, fired 60 rounds and again allowed to 
cool for one hour. The complete cooling and firing 
cycle was repeated 3 times while ambient temperatures 
ranged from -5°F to -89F. 
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d. Phase 4: Two each AR15 and M14 rifles 
were function fired, cleaned, lubricated, and then 
exposed to blowing snow and glacial dust for 
37 hours at ambient temperatures ranging from 
19°F to -5°F. Forty rounds were fired from each 
rifle to determine proper functioning (twenty 
rounds fired semiautomatic, 20 rounds fired 
automatic). 


e. Malfunctions, breakages, and any 


unusual performance were ascertained and analyzed. A/ 


Rpt of Project 2787 (Arctic), Evaluation of Small Caliber 
High Velocity Rifles, U.S. Army Arctic Test Board, 17 Apr 59, 
Incl 1, pp. 12-13. 
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The results of the adverse ВЕ tests were: 


Malfunctions 
Rounds Total Number per 
Phase Weapon Fired Number 1,000 Rounds 
Phase 1 AR15 300 8 26.7 
M14 300 o2/ 0.0 
Phase 2 АВТ 5 420 5 11.9 
M14 420 EY 4.8 
Phase 3 AR15 180 3 16.7 
M14 180 1а/ 5.6 
Phase 4 АВ15 40 4gb/ 1200. ob⸗ 
М14 40 17а/ 425.0 
Total ARL5 940 64 68.1 
M14 940 20 21.3 


The report indicated that the gas cylinder plug 
of the M14 continually loosened during all firings, which 
would ultimately result in a failure to feed (FF) stoppage 
because of insufficient gas. The number of times the 
gas plugs had to be tightened was not reported, therefore 
the M14 malfunction rate indicated is not valid. 


b The АВ15 was charged with 48 malfunctions while 
firing oniy 40 rounds of ammunition. Five "failures of 
the tclt to remain to the rear when the last round was 
fired" were charged to the AR15, indicating that more 
than one magazine was used in the semiautomatic firing of 


20 rounds. 


The reliability of the weapons for the entire test was as 


follows: Malfunctions 
Rounds Total Number per 
Weapon Fired Number 1,000 Rounds 
АВ15 19,706 3378/ 17.1 
M14 10,540 з1Р/ 2.9 


8 Does not inciude the number of times the hammer retaining ріп 


became loose and had to be reinserted. 


` 


b poes not include the number of times the gas cylinder plug 


became loose and had to be tightened. 
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Various characteristics of two each АК15'5 and Ml4's were 


tested under Arctic winter conditions and the results were compared. 


ИН ad 


The reliability data is not completely valid because, as indicated 
above, the number of times certain malfunctions on both weapons 


Occurred was not recorded. 27 It is significant that the АК15 


cs! 
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rifle considerably exceeded the military characteristics (MC) spe- 
cification of a 5,000-round barrel life (bullets from the two АК15 
rifles keyholed at 9,137 and 10,094 rounds), and that the two M14 
rifles did not meet the MC specification of a 10,000-round barrel 
life (bullets from tbe two M14 rifles keyholed at 4,449 and 4,826 


rounds). 
A FIRST D&PS TEST 


a 
Зэ 
aa 


The Development and Proof Services Test of Caliber .22 ARIS 


rifle; Lightweight Military Caliber .224 Rifle; and Pertinent 


Ammunition, 3 February 1959; and the D&PS Report on a test of the 
Caliber .20 Rifle T44E6 27 January 1959, was the third test to 


provide usable information in this period. This test was in reality 


а comparative evaluation test between the АК15, tne caliber .224 


Sy eee өне e 


lightweight military rifle, and the T44E6, the M14, utilizing the 


— — a 


Standard Light Automatic Rifle Test, the purpose of which vas evi - 
dently to determine the potential of the АК15 or the lightweight 


military rifle to replace the M14 and M15 rifles. 


12 E: 
For detailed malfunction data for the entire test, see 23 


Inclosure 6-2, Table 2. 


ШИГ ЧЫ 
3 | 3 pv 
1 
| Sens | 
от —————4.————— — ä 


М 


ИАА вн este НЫ 


Е 
š 
= 
2 
= 
š 


y 


4 
52 
74 
.... 
. 
HI „мо 
11223 
(гэл 
e€ 
.* 
r^i 
C 
Км 
con 
owe 


The ARL5's tested, Numbers 5, 6, 10, 14, and 18, were the 


same configuration as those used for the USAIB 1958 evaluation. 


М МИ 


During the rain test it was found that the lightweight barrel would 


not perform acceptably and a barrel 2 ounces heavier was substituted 


ӨВ I e do А 


and did perform acceptably. 


In the test, the T44E6 (M14) was used as 2 control and a test 


rifle. It is a lightweight Ml4 with a shorter (20-inch), lighter 


barrel, a lighter stock, and a lighter receiver and trigger housing. 


The rifle was not equipped with a selector for automatic fire, a 


gas shutoff valve, or a bayonet lug. А 20-round lightweight 


magazine was also provided. All M14 firing during the test vas 


semiautomatic. 


The Winchester caliber .224 cartridge, E2, Lot 24NCO2,and 


Remington caliber .222 special cartridge, Lot N270,were used, both 


with IMR 4475 propellant. The AP cartridge, caliber 7.62mm, M16, 


Lot LC12027, was used. 


The conclusions of the test were as follows: 


The AR15 rifle has the advantages of light 
weight, light recoii, favorable handling qualities, 
convenient disassembly and assembly, and good endurance, 
but a deficient magazine contributes to a high 
malfunction rate when the magazine is loaded to 
its capacity. Ап extremely light barrel, a short 
sight radius, a large front sight, a lack of convenient 
sight adjustment, and a heavy trigger pull contribute 
to poor accuracy characteristics. The rifle is far 
less effective for obtaining hits on designated 
targets when fired automatically than when fired 
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semiautomatically. The original barrel installed 
on this rifle was too light to be fired safely with 
water in the bore. However, a modified barrel 
demonstrated a level of safety comparable with that 
of standard rifles. 


The Lightweight Military rifle has the advantages 
of light weight, light recoil, favorable handling 
qualities, and convenient disassembly and assembly, 
but it has poor accuracy, function and endurance 
characteristics. 


The ammunition has the advantages of light 
weight and light recoil, but а high level of case 13/ 
casualties indicates a need for further development .— 
The scope of the USATECOM tests from which reliability deta 


was accumulated is described belcw. 


Test ІІІ, Accuracy 


a. Four ten-round targets will be fired at a 
range of 100 yards from a machine rest or from a 
bench rest by an expert rifleman. 


b. A test will be conducted to investigate the 
accuracy that can be obtained when the rifie is fired 
under various conditions similar to those encountered 
in combat. Three riflemen will each fire the 
followirg course at 100 yards with the test rifle: 


(1) With sights properly adjusted and with 
a fouled bore, one 10-гош 4 target will be fired 
from a bench rest. 


ma 5 


(2) The rifle will be disassembied (field 
stripped), cleaned, ciled, and reassembled. 


(3) Starting with a ccld and oiled bore, 
one 10-round target will be fired from a bench rest. 


13 
USATECOM (D&PS) Test of Rifle, Caliber .22, AR15; Rifle, 


Lightweight Military, Caliber .224; and Pertinent Ammunition, 
3 Feb 59. 
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(4) One 10-round target will be fired from 
the prone position using a sling. 


(5) One hundred rounds will be fired as 
rapidly as possible. 


(6) Immediately after firing the 100 rounds, 
one 10-round target will be fired from a bench rest. 


(7) Another 10-round target will be fired 
immediately from the prone position uSing a sling. 


c. Three rifiemen will each fire ten three- 
round bursts at a range of 25 yards from the standing 
position. The course will be repeated from the prone 
position. А suitable control rifle may be used. 


d. Three individuals will fire as many ained 
shots as possible in г one-minute period with each 
semiautomatic and automatic fire. The course will 
be fired three times per individual and the hits 
recorded on the Е target at 100 yards. 


e. Six individuals will fire a standard qualifi- 
cation course with the rifle. 


Test IV. Endurance 


The rifle will be fired 6000 rounds for endurance, 
firing alternately 100 rounds semiautomatically and 
100 rounds automatically. The rifle will be cooled 
after each 100 rounds. The entire mechanism may 
be disassembled, cleaned and oiled after each 600 
rounds. All malfunctions, breakages and replacement 
of parts will be recorded. The instrumental velocity 
will be measured on 20 rounds, before and after the 
endurance test. Accuracy will be checked before and 
after the test. In the endurance test 100 rounds 
will be fired semiautomatically and 100 rounds will 
be fired automatically under each of the folloving 
conditions: 


a. With the rifle held loosely in the hands. 
b. With the rifle held right side up. 


c. With the rifle held left side up. 
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d. With the rifle held loosely in the hands at 
an elevation of 80 degrees. 


e. With the rifle held in а normal menner at 
an elevation of 80 degrees. 


f. With the rifle held loosely in the hands 
at a depression of 80 degrees. 


g. With the rifle held in a normal manner at 
a depression of 80 degrees. 


Test VI. Unlubricated. 33 


The rifle will be cleaned in solvent and left * 
in an unlubricated condition. One hundred rounds 
will then be fired alternating between semiautomatic 
and automatic fire. 


j 


Test VII. Extreme Cold. 


LR Hid proa om 


Тһе rifle will be cleaned, lightly oiled, and 
placed with a loaded magazine in a cold room maintained 
at -65°F, for a 12-hour period prior to firing. After this 
period an attempt will be made to fire 20 rounds (or 
the capacity of the magazine) semiautomatically. 
ТЕ satisfactory functioning is obtained, a similar 33 
number of rounds will be fired automatically after ' 
an additional two hours. 
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Test VIII. Dust. 


The rifle will be cleaned and lightly oiled. 
It will be fully loaded and the safety will be 
placed in the 'ON' position. The rifle will then 
be placed in the dust box and exposed to the dust 
for one minute top side up and for one minute 
upside down. The dust mixture, which is made by 
mixing nine pounds of Grade O Albany sand with 
one pound of clean silica core sand which passed 
100 percent through a 30-mesh sieve, 80 percent 
through a 50-mesh, and 3.4 percent through a 100- 
mesh, will be poured at a rate of five pounds per 
minute through the pour hole while the blower is 
turred at a handle speed of 60 revolutions 
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per minute. The shooter will attempt to clean the 
rifle by wiping with his bare hands and by blowing 
sharply on the congested areas of the action. Ап 
attempt will be made to fire 20 rounds (or the 
capacity of the magazine). 


Test IX. Mud. 


The rifle wiil be cleaned, lightly oiled, and 
the muzzle taped to exclude the mud from the bore. 


The rifle will be immersed completely in the mud for 


a period of 15 seconds. The mud mixture is made 
in the proportion of ten pounds of red clay and 
two pounds of clean river sand with eight quarts 


of water. The sand is approximately the same grading 


as that used in the dust test. The shooter will 


remove the tape from the muzzle and attempt to clean 


the rifle by viping with the bare hands and by 
blowing on the congested areas of the action. Ап 
attempt will be made to fire 20 rounds (or the 
capacity of the magazine). 


Test X. Rain. 


The rifle will be cleaned, lubricated and 


subjected to spray which is directed over the entire 


rifle by means of a 1/2-inch pipe having 0.059-inch 
holes spaced 1/2 inch apart. The pipe vill be 


positioned three feet above the rifle. The following 


procedure will be used: 


a. The rifle, in a horizontal position, 
will be exposed to the spray for five minutes with 
the bolt retracted and for five minvtes with the 
bolt closed. The rifle will be loaded when the 
bolt is closed. After this time the gun will be 
fired 100 rounds semiautomatically. 


b. The procedure in 'a' will be repeated, 
except that the gun will be fired automatically. 


c. The procedure in 'a' will be repeated, 


except that the rifle will be exposed to the spray 
with muzzle up. The rifle will be fired 100 rounds 


6-19 


FUR Ori НОМ USE OHLY 


ЕГУ 


^ 


nt lier fate rt A uc Mo REA ДІ 


= 
= 
= 

= 


¿amana 9A төз € was мем 
TT 


АНЫ Г ју 


KN 


A Y in у 
у 


Baten, —— 


semiautomatically in a horizontal position. 


d. The procedure in 'c' will be repeated 
except that the gun will be fired automatically. 


e. The procedure in “с! will be repeated 
except that the rifle will be exposed to the spray 


with nuzzle down. 


f. The procedure in 'e' will be repeated. 
P 


Test XI. Coox Off. 


The rifle will be subjected to a test to 
determine the minimum number of rounds which may 
be fired before sufficient heating of the chamber 
occurs to result in a premature explosion of the 


cartridge. The firing will be conducted as iapidly 


as possible, employing preloaded magazines. Ап 
attempt will be made to brackec the cook off point 


in number of rounds fired. 


- - % 14 
The results of these tests were as follows:i*/ 


Test Weapon 
Miscellaneous: AR15 
accuracy, M14 


flesh and smoke, 
cook off, velocity 


Endurance 3815 

M14 
Adverse condi- AR15 
tioas:  unlubri- M14 


cated, extreme cold, 
dust, mud, rain 


Total — all ARL5 
tests M14 
14 


For detailed malfunction data, see Inclosure 6-2, Table 3. 


T 
Н 


ii 


talfunctions 
Rounds Total Number per 
Fired Number 1.000 Rounds 
3,844 58 15.1 
2,705 2 .7 
14,090 242 17.2 
11,624 13 1.1 
2,176 183 84. 
1,526 65 42.6 
20,110 483 24.0 
15,856 80 5.0 
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Before 
firing, the muzzle of the rifle will be depressed 
to permit water accumulating in the bore to run out. 
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The test report stated first that the T44E6 (M14) was less 
reliable than the standard M14 (744Е4). The difference іп 
malfunction rate was stated as .6 per 1,000 rounds. (T44E4 
(M14) was .3 and the T44E6 was .9 per 1,000 rounds.) Secondly, 
the T44E6 was not fired automatically during the test since no 
selector levers were supplied with the weapons; automatic fire 
would have increased the number of malfunctions and hence the 

| malfunction rate. These two factors tend to offset each other, 

therefore, the test is considered valid enough for comparative 
Purposes А USACDCEC TEST 

U.S. Army Combat Development Experimentation Center Report on 
A Rifle Squad Armed with a Lightweight High Velocity Rifle, 30 
May 1959, was the fourth test of this period with usable results. 
The purpose of the experiment was "to compare the relative effective- 


ness of variously organized rifle squads armed with M14 rifles and 


-——— — 


the Winchester and Armalite lightweight, high velocity rifles" 
and "to determine the impact of the lightweight, high velocity 
rifles on squad organization, techniques, and logistics. 5’ 
The conclusions stated in part that "the Armalite rifle is 


comparable to the M14 in reliability. "16 / 


ВЯ Dii Six Азына) tte A Эрх IE DCN CU kya at FEARS лы Та rus oue EE a oc tpe tira Lot ш seite Ld rea ai мөн 
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! 15 Final Rpt, Rifle Squad Armed With a Lightweight High Velocity 
Rifle, USACDEC, 30 May 1959, Section I, para. 2. 


16 Ibid., para. 5d. 
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Further, the report acknowledged that the experiment was not designed 
to evaluate weapons reliability, although reliability information 
was compiled during the daylight attack and defense phases of the 
experiment and was reported. The ammunition used in the AR15 was 
Remington, caliber .222, 55-grain projectile, loaded with IMR 
4475 propellant. (The lot numbers and time of manufacture were 
not reported.) 

Facts on the reliability of the AR15 and M14 were collected 
during the period l December 1958 - 22 March 1959 by recording 
malfunctions during 384 runs of the daylight attack phase and 337 Е. 


runs of the daylight defense phase. No data was reported for the 


night defense phase of the experiment. The weapons were cleaned 8 
at least daily on the days they were fired, and were seldom fired E 


as much as 100 rounds per rifle a day. 


The following is a summary of the reliability data collected: / 


Malfunctions 

Phase of Rounds Total Number per 

Weapon Experiment Fired Number 1,000 Rounds 
ARLS Daylight Attack 10,075 34 3.4 
M14 Daylight Attack 9,537 32 3.4 
AR15 Daylight Defense 12,671 35 2.8 
M14 Daylight Defense 12,778 7 -5 
AR15 Total 22,746 69 3.0 
M14 Total 22,315 39 1.7 


17 
For detailed malfunction data, see Inclosure 6-2, Table 4. 
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Both the АК15 and the М14 were subjected to the same firing 


schedules, the same environment, and the same handling. The man- 
ner in which reliability data was reported indicates that the men 
who collected the data were not sufficiently trained in reporting 


malfunctions; it is therefore probable that some malfunctions were 


| 
H 


erroneously diagnosed or escaped detection. Since both weapons 
were observed by the same data collectors, however, the results 
are considered valid for comparison. 
À SECOND D&PS TEST 
The fifth and last test in this period to provide usable data 


was conducted by the U.S. Army Test and Evaluation Command, Devel- 


opment and Proof Services, and titled A Test of Rifle, Caliber .223, 
АК15, 21 September - 20 October 1960. The purpose of this test was 
to compare the performance of the mass-produced AR15 with the exper- Ë 
imental model, which was produced in limited quantity and tested by 
Development and Proof Services in 1958. The test was conducted 
like the 1958 test, with one minor modification in the rain test - 


when the muzzle was depressed after being exposed to "rain" for five 


r, S с cem mi eov imminet 


minutes, muzzle up, the bolt was retracted slightly to help remove 
water from the bore. 

Only the modified production model АК15 was tested. Several 
design changes which had been made since the previous test signifi- 
cantly contributed to reduction of the malfunction rate. Most 


notable were: 
ç 6-23 
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zine-associated (feeding) malfunctions (BOB, FBR, DF, and FF-1)— 
A redesigned buffer head (Action Spring Guide Assembly). 
longitudinal bearing surfaces were placed on the buffer head in- 
stead of the original circumferential bearing surface, thus allow- 
ing sand and dust to filter by the buffer head without unduly ob- 


structing its movement. 
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A new 20-round magazine to eliminate or decidedly reduce maga- 


feeding malfunctions. 


Retaining springs on the hammer and trigger pins to reduce 
the number oftimes the pins worked loose and caused other malfunc- 
tions such аз Е2К, 

There were other changes made in the rifle, which did not 
affect the malfunction rate; an adjustable rear sight, a bayonet 
lug, a flash suppressor, a bipod, and a two piece handguard. 

Ammunition used in the test was the caliber .223 Remington 
cartridge, Lot T20L. 
probably IMR 4475. 


Results of the tests follows. 


18 


viations. 


19 For detailed malfunction data, see Inclosure 6-2, Table 5. 


The propellant was reported as an IMR type, 


19/ 


See Inclosure 6-1 for definitions of malfunction abbre- 
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Malfunctions š 

Rounds Total Number per Ё 

Test Weapon Fired Number 1,000 Rounds 3 

1. Ассигасу AR15, 614 944 1 1.0 I 

AR15, 645 296 0 0.0 

ARL5, 682 901 1 1.1 Š 

AR15, 689 199 0 0.0 š 

AR15, 835 887 0 0.0 3 

2. Endurance ARIS, 614 6,097 14 2.3 

АК15, 682 6,089 25 4.1 Е 

АК15, 835 6,090 7 1.1 3 

3. Adverse condi- АВ15, 614 1,080 14 13.0 E 

tions: extreme АК15, 682 940 23 24.5 = 

| cold, unlubri- AR15, 835 920 33 35.9 Е 
: cated, dirt, mud, E. 
3 rain, and cook E 
E off 3 
| 4. Total - all ARIS 24,453 118 4.8 E 

| tests, all 3i 
uam rifles E 


I | When the results of this test are directly compared with the 


eee 


results of the D&PS 1958-59 АК15 test, a dramatic improvement іп 
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reliability. 33 

The АК15 (М16) system reliability prior to 1952 was improving 3 

as design changes were made which is normal for a weapon system under E 

Е development. As a result of deficiencies identified during the tests Í E 
š 


weapon perfcrmance is evident (&.8 malfunctions per 1,000 rounds 
as compared with 24.0 in 1959). The changes made in the AR15 


rifle as well as the new magazine had considerably improved 


АМУ 
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system that significantly improved the overall reliability of the 
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1 
| 
- and evaluations, several changes were made in the weapon-ammunition 
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system as well аз improved human engineering and durability. The 


Ж 


malfunction rate рег 1,000 rounds dropped from а high of 50.8 іп 
the first test to a rate of 4.8 in the last test in 1960. This im- 
provement in reliability and the Air Force interest in the weapon 


probably prompted further consideration of the ARIS (M16) system by 


ПИО ing 


the Army. 
Table 6-1--SUMMARY OF AR15 AND M14 TEST RESULTS PRIOR TO 1962 


Malfunctions 
Rounds Total Number per 
Test Weapon Fired Number 1,000 Rounds 


USAIB АК15 6,419 326 
Мау 1958 M14 5,131 473 


ВЯ o 


i 


Arctic АК15 19,706 337 
April 1959 M14 10,540 31 


USATECOM (D&PS) АК15 20,110 483 
January 1959 M14 15,856 80 


USACDEC AR15 22,746 69 
May 1959 M14 22,315 39 


USATECOM (D&PS) АК15 24,443 118 
Octeber 1960 


Total -- ARLS 93,424 1,333 
all tests M14 53,842 623 
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Further analysis of the tests of this period reveals that 
failure to feed and other feeding malfunctions were the most frequent. 


Total malfunctions, by type, in firing 93,424 rounds are indicated 


below, 
Table 6-2 — SUMMARY OF АК15 MALFUNCTIONS BY TYPE 
PRIOR TO 1962 
Percentage 
Of Total Occurrence 

Type of Malfunctions Number Malfunctions er 1,000 Rounds 
Failure to feed?’ (FF) 346 25.96 3.70 
Failure of bolt to remain 

rear (FBR) 119 8.93 1.27 
Failure to eject (FJ) 97 7.28 1.04 
Failure to fire (FFR) 133 9.98 1.42 
Failure to extract (FX) 93 6.98 1.00 
Bolt overrides base of round 

(BOB) (a type of FF) LLL 8.32 1.19 
Double Feed (DF) 7 .53 .07 
Broken Partb/ (ВР) 12 .90 .13 
Failure of bolt to closes / 

(ЕВС) 101 7.58 1.08 
All other malfunctions 314 23.54 3.36 

Total 1333 100.00 14.27 


Includes failure to feed first round (FF-1). 


b Includes defective part (DFP), inoperative part (IP), and 
damaged part (DP). 


С Includes failure to strip round from magazine and failure 
to lock. 


` ` 
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Тһе 1962-1963 Comparative Evaluation 
с 


During this period five tests and evaluations provided valid 


reliability data. The following discussion takes up each test and 


evaluation and assesses the results. 


А USACDC TEST 


The U.S. Army Combat Developments Command Report on Evaluation 
of Rifles, 14 December 1962, was the first evaluation in this 
period to provide usable data on the М14 and M15 rifle systems. 207 
The purpose of the evaluation was "То assist the Army Staff in an 
impartial and objective evaluation of the relative effectiveness 
of the M14 and the АК15 rifles by conducting the tactical evaluation 
and troop testing to include (1) comparative troop tests of the 


M14 and АК15 rifles and (2) an evaluation of the OSD/ARPA (Field 


Unit, South Vietnam) test of the АК15 rifle." To provide the directed 


variations in climate and terrain, the troop tests were conducted 
in the Arctic U.S. Army, Alaska (USARAL)), 35 miles south of 
Fairbanks), the desert (Fort Irwin, California), the jungle 
(U.S. Army, Caribbean (USARCARIB), Panama), and in Europe (U.S. 
Army, Europe (USAREUR), Baumholder, Germany), at Fort Carson, 
Colorado, and at Fort Hood, Texas. The report listed the objectives 
of the troop tests as follows: 

To compare the functioning of the M14 versus the 


AR15 with respect to reliability, durability, and 
maintenance. 


20 USACDC Rpt on Evaluation of Rifles, forwarded by Ltr, 
CDCRE-E, На, USACDC, 14 Dec 62, sub: Rifle Evaluation (as amended) 
by Staff Paper, CDRG-SP-ITO, 20 Feb 63, sub: Re-evaluation of а 
Rifle Comparison). 
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To compare the performance of units armed with 
the M14 versus the ARIS with respect to hit proba- 
bility and fire distribution under a variety of 
tactical conditions. 


il 


SCR PS B tutte tua 


To compare the M14 versus the AR15 with respect 
to ease of training. 


avida 


To compare the M14 versus the AR15 by determining 

the opinions of platoon members and of controller and 

evaluator personnel. 

The AR15 was the same basic weapon tested by Development and 
Proof Services in 1960, with a flash hider and a redesigned safety 
(selector lever) added to reduce the hazard of unintentional 
trigger release. Stainless steel 20-round magazines were provided 


for this test. The standard production model M14 was used for 


comparison. Although no lot numbers were reported, the caliber 
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.223 ammunition was manufactured by Remington and probably was loaded with 
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IMR 4475 propellant. The standard 7.62mm NATO round (M80) was 


used, but по ‘ot numbers were reported. 


i Movet: 


The tests were conducted to compare che performance of two 


EAL А 


infantry platoons at each test site. The platoons were identically | 
equipped except for rifles. Each platoon completed training and : 


familiarization firing with its respective rifle and then held 
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a 10-day simulated combat field exercise which included 41 combat 


© 1 
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firing situations. 


Шемен < 


Reliability data was not collected uniformly at the six 


test sites. Fort Irwin recorded all stoppages, including those 


ее SS mites ТІ 


correctable by immediate action. Alaska recorded only the stoppages 


Ми i 


Ч 


Маја 


that occurred after the first round was fired in each situation. Е 
The remaining four test sites recorded only stoppages that were not 2 
correctable by the application of immediate action. Malfunctions 


were not listed by cause, but the report did distinguish between 
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malfunctions caused by "mechanical failure of the weapon (broken 


parts, failure to feed, faulty magazine, magazine not seated), 


ее 
See би А ч 
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faulty ammunition, and mechanical failures which were possible results 
of faulty ammunition (misfire, failure to extract, failure of the 


bolt to close, double feed, and round jammed)." The results of the 


tests are tabulated below. 


———— 4494 


Malfunctions 
Mechani- Malfunctions 
Faulty Ammo cal Number per 1,000 
Rounds Ammo Failure Failure Total Rounds 


FFF 


Location Fired (1) (2) (3) 4) (1) (2) (9 (9 


Ч 


Trwina/ E- 

АК15 99,378 3 692 25 720 .03 7.0 .3 7.2 E 

M14 69,066 4 191 76 271 .06 2.8 1.1 3.9 8 

Carson E 

AR15 71,595 4 41 40 85 .06 .6 .6 1.2 3 

M14 57,102 1 10 1.0 .02 .2 .2 5 

Ноо4 a 

AR15 88,568 2& &9 61 134 .3 -6 7 1.5 a 

M14 77,017 1 6 13 20 .01 .08 .2 .3 % 

Carib E 

ARL5 87,701 17 246 41 304 .2 2.8 .5 3.5 a 

M14 83,799 7 10 17 .0 08 1 .2 = 

Alaska E 

AR15 91,333 3 104 83 190 .03 1.1 .9 2.1 E 

: M14 102,518 20 26 46 0 .2 .3 4 E 
Europe E 

АК15 97,286 15 89 11 215 .2 9 1.1 2.2 8 

M14 77,637 8 9 17 .0 .1 .1 .2 E 

: Total a 
| ARIS 535,861 66 1,221 361 1,648 .1 2.3 -7 3.1 E- 
| ` M14 467,139 5 233 144 382 .01 .5 .3 .8 НЬ. 


ТА 


W 


' : The evaluation was conducted at Fort Irwin by CDEC personnel Е 
р assisted by Stanford Research Institute. Since experienced test and | 
evaluation men collected the data reported, the results from Fort Irwin 
are probably the most valid of the entire test. 
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Because of the lack of uniformity in collecting and reporting 
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stoppages or malfunctions at the six test sites, it is impossible 

to make a meaningful comparison between the results reported by 

each site, or to compare these results with other tests-or evalua- 
tions. This material can be used only to compare one weapon against 
another at a given test site. The report divided stoppages and 
malfunctions into three arbitrary categories: faulty ammunition, 
possible ammunition failure, and mechanical failure. Because the 
data are not clear, the malfunctions cited can not be placed into 
only one of the categories. For exemple, a mechanical failure, 


failure to feed (FF), can also be caused by faulty ammunition (light 


propellant load or blown primers). Оп the other hand, some mechan- 


ical failures may be the result of faulty ammunition. Рот example: 

A failure to extract (FX) malfunction; this malfunction can 
also be caused by a broken or vorn extractor, a broken or defective 
extractor spring, a dirty or rusty chamber, or a loose gas plug 
Screw (on the M14 or M1). 

A failure of the boit to close (FBC) malfunction; this mal- 
function can also be caused by a broken or weak action spring, a 
dirty rifle, or the firer "riding the bolt forward". 

А double feed (DF) malfunction; this malfunction is almost 
always caused by a defective magazine, and thus the ammunition used 


would have no bearing on the problem. 
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In short, the oniy meaningful data in the table above is the 
total malfunction rate per 1,000 rounds for each test site for each 
weapon. The malfunction rate per 1,000 rounds by malfunction cate- 
gory was included here only to show what was reported. 

А USAIS TEST 

The U.S. Army Infantry School (USAIS) Rifle Evaluation, 20 
December 1962, was the second test with valid results. The object 
of this rifle evaluation exercise was "To compare the hit distribution 
and hit capabilities of (infantry) platoons armed with the АК15, 
modified M14 and USAIR M14 rifles as a function of squad size of 11 
and 6 d 

The test personnel were all given the same training on the wea- 
pon system they were to use; the weapons were then fired for familiar- 
ization, qualification, and in squad live fire exercises before start- 
ing the tactical iive fire evaluation. The tactical phase of the 
evaluation consisted of several live fire situations in movement to 
contact, attack, and defense. All platoons fired the same target 
arrays from the same firing positions. The same basic weapon employed 
in the USATECOM (D&PS) 1960 test -- the AR15 -- was used. 

The M14 (modified) and the Infantry Board M14 used were M14's 
with selector levers and bipods. The Infantry Board M14 also had a 
pistol grip stock, a fordhand grip, and a muzzle break compensator 


21 This is the first test which compared the АК15 with the M14 
firing full automatic fire. 
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(to reduce automatic fire dispersion and recoil). The . 223 ammuni- 
tion, ard 7. 62m ammunition used in the evaluation were not iden- 
tified. 

The reliability (malfunction) data was collected at the end of 
each firing run. It is not clear in the report as to who evaluated 


a malfunction and deteruined the cause, the firer or the data collec- 


rr 
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tor; nor does the report describe the technical background of the 


data collectors. The following malfunction data was reported: 


N 


Rounds Total Malfunctions 
Weapon Fired Malfunctions рег 1,000 Rounds 


ARIS 35,196 65 1.8 
M14! 527 58,157 18 23 


| | 
———— — — 


а Includes both the modified M14 ard the USAIB Mla. 
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The dete presented are valid for comparison of the weapons іп 


23 


this test; however, the malfunction rates рег 1,000 rounds are un- 


- 


usually low compared to other tests conducted during the same riod. 
3 | 8 ре 
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‘ Since the determination of weapons reliability was not the primary 


purpose of the evaluation, many weapon malfunctions ere believed 
to have gone undetected because of the method of data collection 


or the lack of technical knowledge of the data collectors. А De- 


partment of the Army Inspector General investigation, made to 


ант ein ete ДЕ GE LOU У И, ЛИ ДАЈ 


— Me ай “es е + 


СТЯ 


> For a detailed breakout o£ malfunctions reported, see 


Inclosure 6-2, Table 7. 
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determine whether this evaluation was reported in an unbiased manner, 


concluded that data were collected in an unbiased manner, but that 
some bias in favor of the M14 was evident in the evaluation of the 
basic data. 23/ 

A USATECOM TEST 


The U.S. Army Test Evaluation Command Report on Comparative 
Evaluation of the U.S. Army Rifle, 7.62mm, M14; the Armalite 


Rifle Caliber .223, ARL5; and the Soviet Assault Rifle, AK47, 


Lob nri npa a tne D айл E хандлан Г нэ toa tate 


12 December 1962, consisted of three separate evaluations. The 


ШАЙЫН; 


purpose of the report was to provide a technical evaluation of the 


M 


three weapon systems simultaneously. Previous tests of the weapons 


3 
"were not necessarily representative of current production, 5 
capabilities, and requirements, and were not always conducted 5 
concurrently with tests of the MIA rifle. . . . Та compliance with d 


"T 
* 


i 


specific instructions . . . maximum effort was exerted to eliminate 
subjective considerations and rull cooperation was extended to speci- 
fied industry representatives who were invited to witness all 


phases of the testing. The reliability data in the report came 


vA вара ا‎ + 


from the U.S. Army Infantry Board, Fort Benning, Georgia; the U.S. 


Army Arctic Test Board, Fort Greely, Alaska; and the U.S. Army 


СЭН 
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Development and Proof Services, Aberdeen Proving Ground, Maryland. 


Although che Soviet AK47 assault rifle was included in the overall 


23 Rpt of Investigation Concerning the Comparative Evaluation of 
the AR15, M14, and AK47 Rifles, 8 Mar 63. 
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evaluation, its reliability data will not be given here since it 


is not germain. The results of the three separate USATECOM tests 


are evaluated below 


А US ATB TEST 


The U.S. Army Infantry Board Report of Project 300, Comparative 


Evaluation of АК15 (Armalite) and MIA Rifles, 7 December i962, pre- 


sented the results of the third test. The purpose of the evalua- 


tion was "To compare under temperate environmental conditions the 


AR15 (Armalite) rifle and the M14 rifle in the rifle, automatic 


rifle, and submachine gun roles. . . ." Tests for which reliability 


data were reported, included those for known distance semiautomatic 


fire accuracy, known distance automatic fire accuracy, trainfire, 


combat firing, quick fire and penetration, and bullet deflection. 


The same basic AR15 and the М14, М14(М), and М14 (USAIB) em- 


ployed in the Development and Proof Services test were used in the 


Infantry Board test. The caliber .223 ammunition used was manu- 


factured by Remington but no lot number was reported. Ball car- 


tridge 7.62mm, M80, Lot FC1907, was used for the test. 


The reliability data reported were as follows: 


Rounds Total Malfunctions Number 
Weapon Fired Malfunctions per 1,000 Rounds __ 
АК15 43,600 248 5.7 
M14 а/ 89,300 25 43 


Includes all M14, М145М), and M1&(USAIB) firings. 


24 See Inclosure 6-2, Table 7, for detailed malfunction data. 
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The report attributed 178 of the 179 failures to feed (FF) 
to the AR15 magazines. It is possible that the majority of the 48 
failuresof the bolt to remain to the rear after the last round is 
fired (FBR) malfunctions were caused by the AR15 magazines. The 
5.56mm ammunition is also suspect. There were 29 bullets left in 
? 
the bore when rounds were extracted, and two blown primers were 


identified during the tests. Зїйсг the report gave no description 


of how the malfunction datawere obtained during the tests, it is 
assumed that both weapons were assessed in the same manner, and 


that the tests provide a valid comparison of reliability. 


A SECOND ARCTIC TEST 
The 9.5. Army Arctic Test Board Report of Test of Project 


АТВ 33-001 — Comparative Evaluation of АК15, M14, and AK47 rifles 
and M79 Grenade Launcher, 1 December 1962, provided results of the 
fourth test used here. The purpose of the test was to compare the 
three rifles under Arctic conditions with respect to assembly 

ard disassembly, known distance semiautomatic and automatic firing, 
penetration of various materials, accuracy, field firing, adverse 
conditions, position disclosure, reliability, and maintenance. 

The same basic АК15 and M14 previously tested by D&PS in 1960 were 
used. The test report did not identify the lot numbers of the 
5.56тт caliber .223 or 7.62mm ammunition used. Further, the report 
did not contain a detailed listing of malfunctions by type. The 
total number of malfunctions for each weapon was stated for the 


10,000-round durability firing as follows: 
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Malfunctions 


Ro:^ Total Number per 
Weapon Fi ` Number 1,000 Rounds 
AR15 10,000 217 (173)2' 21.7 (4.407 
M14 ^,000 137 (92)2/ 13.7 (4.5) 


Number in parenthesis shows the number of malfunctions for each 
rifle that were attributable to reported magazine difficulties. M14 
magazines used were the ones used in the original M14 service tests 
іп 1954-55. Тһе difficulties with the AR15 magazines became negligible 
after the follower spring vas modified and the bolt lubricated. 


Mal function rate in parenthesis indicates what the rate 
would be if the magazine-induced malfunctions were disregarded. 
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The report is considered а valid comparison of reliability 


between the two weapon systems. 
А SECOND D&PS TEST 
The Development and Proof Services Report on Comparative 


Evaluation of AR15 and M14 Rifle, Report D&PS 799, 5 December 1962, 
gave results of the fifth test used here. The purpose of the test 
was to compare the two weapons with respect to weight and measure- 


ments, disassembly and assembly, accuracy (various modes of fire 


: у and conditions), brush deflection, adverse conditions, and sustained 
rate of fire. The same basic АК15 and M14 previously tested by 
D&PS in 1960 were used. Caliber .223 ball ammunition, Lot 219Т and 


Lot 2191 modified, containing IMR 4475 propellant was used. 


(The modification consisted of making a cut approximately %-inch deep in 
the nose of the bullet.) The caliber .223 tracer used was Lot Z19C 
loaded with IMR 4475 propellant. 
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The 7.62mm M80 ball ammunition, lot numbers WCC6007 and 


ЕС1907, was used. 


The following reliability data were reported: 2 


Malfunctions 
Rounds Total Number 
Test Weapon Fired Malfunctions per 1,000 Rounds 
1. Miscellaneous: ARIS 4732 748/ 15.6 (8.7)Ë/ 
velocity, M14 5485 38 6.9 
accuracy, flash 
and smoke, sound, 
cook off 
2. Adverse condi- ARI5 2340 149</ 63.7 (37.6)9/ 
tions: un- M14 3097 62 20.0 
lubricated, 
extreme cold, 
dust, mud, rain 
3. Sustained fire 38.15 567 29 51.1 
M14 537 127 1.9 
4. Total — АВ15 7639 252 (158)£/33.0 (20.7)8/ 


all tests M14 9119 101 11.0 


Includes 33 failures to feed (FF) when one weapon was fired 
with a missing gas tube pin. When the pin was replaced, the weapon 
functioned normally. 

b Malfunction rate not counting the 33 FF's noted above. 
© Includes 61 failures to fire (ЕЕК) caused by separated prim rs. 
9 Malfunction rate not counting the 61 FFR's noted above. 


ё The M14 ruptured a barrel on the 473d round of the 500-round 
sustained fire test. 


Е Indicates the total number of malfunctions less the 33FF's 
and 61 FFR's described in a and b. 


8 Malfunction rate not counting the 33 FF's and 61 FFR's. 


= See Inclosure 6-2, Table 8, Ғос detailed malfunction data. 
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FOR OFFICIAL USE ORLY 
The report is considered a valid comparison of reliability 
between the two weapon systems when the 33 failures to feed, caused 
by a missing part (which should have been detected by test personnel), 
and the 61 failures to fire, caused by faulty ammunition, are deducted 
from the total malfunctions charged to the АВ15. The results contained 


in this report can be directly compared to the ARL5 reliability reported 


in the Development and Proof Services 1959 and 1960 tests, except in 
the case of the sustained fire test, which was not run in 1959 and 1960. 


SUMMARY 
In general terms, the tests conducted during 1962-63 indicated 


that the AR15 experienced about twice the malfunction rate per 1,000 
rounds as did the M14. These tests further identified faulty magazines 
and faulty ammunition as the major contributors to the malfunction of 
the АК15 system. А summary of the test results during the period is 
given below. 
Table 6-3 — SUMMARY OF AR15 and M14 TEST RESULTS 
1962-1963 COMPARATIVE EVALUATION 


Malfunctions 


Rounds Total Number per 
Test Weapon Fired Number 1,000 Rounds 


USACDC ARIS 535,861 1,648 
December 1962 M14 467,139 382 


USAIS АК15 35,196 65 
December 1962 M14 58,157 18 


USAIB8/ AR15 43,600 248 
December 1962 M14 89, 300 25 


USA Arctic Test Bd8/ ARIS 10,000 217 
December 1962 M14 10,000 137 


D&PS AR15 7,639 252 
December 1962 М14 9,119 100 


Total — all tests АК15 632,296 2,430 
М14 633,715 662 


These tests are part of the USATECOM Letter Rpt оп Comparative 
Evaluation of U.S. Army Rifle, 7.62mm, M14; Armalite Rifle, Caliber .223, 
AR15; Soviet Assault Rifle, AK47, 12 Dec 62. 
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Analysis of the malfunctions experienced during the period indicates 
that failures to feed accounted for over 52 percent of the total, 
failure of the bolt to remain to the rear, 17 percent, and failure to 


fire,12 percent. The percentage of the total malfunctions, by type, in 


firing 86,435 rounds is indicated below. 
Table 6-4 — SUMMARY OF АК15 MALFUNCTIONS BY TYPE 
1962 - 1963 Comparative Evaluation 


Percentage 
Type of of Total Occurrence 


Malfunction Number Malfunctions рег 1,000 Rounds 


Failure to feed (FF) 298 52.74 3.45 


Failure of bolt to remain 
rear (FBR) 98 17.35 1.13 


Failure to eject (FJ) 40 7.08 «46 
Failure to fire (FFR) 71 12.57 .82 
Failure to extract (FO 2.48 


Bolt overrides base of 
round (BOB) .18 


Double feed (DF) .35 


Broken part (ВР)а/ 271 


Failure, of bolt to close 
(FBC)- 


All other malfunctions 


Totals 


Includes defective part (DFP), inoperative part (IP), and 
damaged part (DP). 


Includes failure to strip round from magazine and failure to 
lock. 
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The 1963-1964 Period of Testing. During this period the АК15 was 


under detailed scrutiny. It was subjected to numerous tests and 
several improvements were proposed for both the rifle and its ammunition. 
Since the ammunition had been charged with many of the malfunctions 


experienced by the system, on 27 February 1963 the Commanding General, 


U.S. Army Materiel Command (USAMC), wrote to the Commanding General, 
U.S. Army Weapons Command (USAWECOM), directing USAWECOM and the 

U.S. Army Munitions Command (USAMUCOM) to take necessary action to 
identify problems in weapon and ammunition compatability, and to begin 
corrective action. Specific problems cited in the letter were: 


Raised and uneven primers 
Inaccurate primer staking 


Bullets inadequately crimped to the cartridge case 
Excessive chamber pressures 


Sluggish functioning of weapons possibly due to 
wrong pressure curve 


Different cartridge and chamber dimensions. 


There were eleven test reports that provided usable reliability data 
from 1953 to 1964. 
THE SPRINGFIELD ARMORY TEST 


The Springfield Armory Test Report: Engineering Evaluation of 


the AR15 Rifle, 21 March 1963,was the first. Its purpose was to deter- 
mine the "seriousness of AR15 deficiencies as reported from tests by 
various worldwide agencies" and to recommend improvements to the 
system. No control weapons were used in the evaluation. The same 


AR15 configuration that was tested in the 1962 comparative evaluation 


of the ARIS, M14, and AK47 was used. Two lots of caliber .223 
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Remington ammunition were used: 


The propellant loaded in the ammunition was IMR 4475. 


The reliability data were obtained from firings in the following 


tests: 


A 280-round modified weapons performance test 
was conducted with each of the weapons, 
of :he six magazines furnished, 


Lot RA5024 апа an unnumbered lot. 


basic function problems in the weapons. The 


firing schedule for a modified weapons performance 


test is: 


40 rounds, 
40 rounds, 
40 rounds, 
20 rounds, 
20 rounds, 
20 rounds, 


semiautomatic 


spasmodic 
automatic 


loose hold, 
loose hold, 
loose hold, 


right, semiautomatic 


20 rounds, 


loose hold, 


left, Semiautomatic 


20 rounds, 


right, automatic 


20 rounds, 
left, automatic 
40 rounds, 


The results of the test were — 


loose hold, 
loose hold, 


automatic 


Total 


Weapon 
АК15 


26 


Зее Inclosure 6-2, Table 9, for detailed malfunction data. 


Rounds Fired 


3,736 


.26/ 


6-43 


semiautomatic 
automatic 

rotated 90 degrees 
rotated 90 degrees 


rotated 90 degrees 


rotated 90 degrees 


Malfunctions 


Total 
Number 


47 


using each 
to determine the 


Number per 
1,000 Rounds 
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This test is considered a valid evaluation of the АК15 system 


Armory in the report: 


The tests conducted at Springfield Armory indicate 
that design studies and product improvement of the weapon 
are required in the following areas: 


Magazine — this requires a complete design 
study to eliminate feeding malfunctions. 


Barrel feed ramps — to prevent stubbed rounds. 


Upper receiver — to provide ejection in the 
1:00 to 2:00 o'clock direction, 


Barrel bullet seat and forcing cone area — 
to prevent debulleting rounds. 


Charging handle — to provide a bolt assist 
feature so ammunition can be manually chambered. 


Inspection of the weapon in the areas reported 
deficient in the Worldwide Evaluation Test but not 
encountered during the Springfield Armory test, 
indicates the following minor product improvement 
of the weapon is desirable: 


Redesign forward receiver pivot pin so that 
it is not removed from the lower receiver during 
disassembly. This will prevent the pin from becoming 
lost. 


Redesign trigger pin so both legs of the hammer 
Spring are used to retain the pin, thus preventing 
it from loosening. 


Increase the engagement between the hammer 


pivot pin and hammer pivot pin retaining spring 
to prevent the hammer pin from falling out. 
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Place steel bushings in the upper and lower 
receiver holes for the take down pin to prevent 
wear, causing looseness of the pin. 


Provide a tool for adjusting the front and 
rear sights when zeroing the weapon. 


THE USMC COMPARATIVE EVALUATION 


The second test was the U.S. Marine Corps Comparative Evaluation 


тэл vii i a y Hl U HL ife td 


of M14 Rifle and ARIS Rifle, February - March 1963. The purpose 


was "To conduct a thorough comparative evaluation of the M14 rifle 


(including M14(M) and USAIB) and the AR15 (Armalite) rifle, to 


E 
determine which rifle best suits the requirements ot the Marine 


Corps for а standard rifle. 
P 


The evaluation used two platoons of а regular Maring Corps company 


[д Ала, 


= 
Ex 


at Camp Lejeune, N. C., and 30 Marine recruics at Parris Island. S. C. 


—— — — — — 


Both groups underwent preliminary rifle instruction for the weapons, 


СЛАВИЈА. 


and completed practice and record runs on the standard known 


1 


distance rifle and automatic rifle qualification courses. In 


wih uaa din 


addition, the two platoons at Camp Lejeune conducted extensive 
field firing exercises in attack and defense, both day and night, 
to determine relative hit capability and probability for the 13 


weapons. Armorers collected and reported malfunction data for all 


rifles during all live firing. АЕ Camp Lejeune the evaluation was 


conducted in phases as indicated below: 


Three identical phases of test (Phases A, B, 
and С) were conducted, which included known distance 
marksmanship and field firing. 
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Phase A 6-22 February 1963 


Phase B 25 February - 7 March 1963 

Phase C 12-20 March 1963 

During Phase A, one Table of Organization rifle 
platoon was armed with the M14 rif!e and one was 

armed with the ARL5 rifle. For Phase B, these 

platoons exchanged weapons. New weapons were 

issued for Phase C and the platoons were equipped 

the same as for Phase А. 

At Parris Island, all firings were conducted with the new 
weapons and ammunition during the period 25 February - 8 March 1963. 
The conclusions of the evaluation on reliability were stated as 
follows: 

Reliability. 

Weapon. That the ARIS rifle, manufactured 
to specifications and strict quality control, is 
equal to the M14 rifle in operational reliability. 

Ammunition. That the .223 caliber bullet, 
manufactured to strict quality control, is equal 

to the 7.62mm bullet in operational reliability. 

Spare Parts Usage. That there is по signi- 
ficant difference in the amount of spare parts 
usage between the АК15 rifle and the M14 rifle. 

Maintenance. That there is no significant 
differeace in the amount of maintenance or the 

time required for maintenance between the АК15 

rifle and the M14 rifle. 

During Phases А and B at Camp Lejeune, the АВ15 used was 


the same as that used in the 1962 Army evaluation of the ARIS, 


M14, and AK47. In Phase C at Camp Lejeune, and during all firings 
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at Parris Island, new weapons were used. These new rifles were 
modified as follows: 


All bullet seat angles were moCified from 


5° included angle to 2° 27' 30. 


2 


All magazines suprlied were aluninun and 
included music wire springs instead of stainless 
steel. 


The bolt catch spring was modified to maintain 
а .7 10. load at assembled height. 


The front sight post height was reduced by 
.040 of ап inch. 


Ejector springs were individually tested in 
each rifle to maintain a load at assembled height 
of 5 and 3/4 lbs. to 6 lbs. 


All gas keys were sealed to prevent possible 
leakage between the key and bolt carrier. 


While this was not a modification to the 
rifle as such, new function firing procedures 
were employed with emphasis on the test of the bolt 
to remain open after the last shot. 


ic 
i 


The M14 used was the standard M14. Тһе modif M15 01150) 

and the Mi4 (USAIB) used were the same as those previously described. 
Caliber .223 ball ammunition (Lot Numbers RA223-B2, RA223-B6, 

and RA223-B7) was used for Phases A, B, and C, respectively, at 

Camp Lejeune. Lot Number RA222-B7 was the only lot used at Parris 
Island. All lots were loaded with IMR 4475 propellant. Caliber 
7.62mm ball M80 (NATO) ammunition, Lot Number WRA 22174 was used 


for Phases A and B at Camp Lejeune; Lot Number DAQ 44011 vas 
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used for Phase С at 


The results of the tests were as £ollows:-27 

Rounds Tota! 

Phase Weapon Fired Number 
Phase А АК15 50,800 809 
1114 47,800 102 

Phase В АК15 59,300 323 
у M14 56,600 189 

а 

Subtotal 3815 100, 100 1,132 
M14 94,500 291 

Phase C AR15 50,500 59 
M14 46,500 258 

Parris 15815 АҢ15 4,209 12 
M14 4,200 1 
d / = шада = 
Subtotai— ARIS 54,700 71 
M14 51,000 259 

Total ARIS 154,800 1,203 
М146/ 145,4 550 


а Firings with original rifles (M14 and 4315) and 


Camp Lejeune and for all firing cn Parris Island. 


Malfuactions 


poor quality ammunition. 


b 


quality ammunition. 


All M14 data displayed includes data for M14, M14(M), and 


M14 (USAIB). 


27 


See Inclosure 6-2, Tabie 10, for detailed malfunction data. 
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The evaluation is considered а valid comparison of weapons 
reliability between the two systems. The evaluation gives some 
insight into the sensitivity of the AR15 system to the quality of 
its ammunition. During Phases A and В, the unnodified АК15 using 
fair to poor grade ammunition demonstrated a malfunction rate al- 
most four times that of the M14. When the АК15 was modified to 
correct some deficiencies noted in previous tests, as indicated 
above, and good quality ammunition was provided for Phase C, the 
Parris Island firings, the reliability improved dramatically from 
an 11.3 rate per 1,000 rounds for Phases A and B to a 1.3 rate per 
1,000 rounds for Phase C and Parris Island. Examination of the 
data reveals that the change in the magazines for the Phase C and 
Parris Island firings reduced the failures to feed (FF) from 409 


(for Phases A and B) to 12; reduced the failures from defective 


magazines from 132 (for Phases A and B) to 5; and contributed, 


along with the change in the bolt catch spring, to reducing the 
failures of the bolt to remain to the rear (FBR) from 481 (for 
Phases A and B) to 23. 

The evaluation did not include technical, environmental, or 
adverse conditions tests. Further, all weapons were cleaned daily, 
and seldom fired more than 200 rounds per weapon per day. The re- 
port did state, however, that blowing sand had become a problem for 
the M14 during the tests. Of the 258 M14 stoppages in Phase C. 


256 were primarily attributed to blown sand 
while firing. . . . This blown sand condition did 


бомба, у 
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not prevail for the firing of the AR15 during 

Phase С. During Phase В, however, both rifles were 
subjected to a similar blown sand condition when 
firing over the same course, and 110 stoppages were 
recorded for the M14 rifle because of sand with no 
ill effects from sand noted with the ARI5 rifle. 


THE ОЗАТЕСОМ TEST OF RIFLING TWIST 

The U.S. Army Test and Evaluation Command (D&PS) Report on 
Evaluation Test of the Rate of Rifling Twist in Rifle, Caliber 
.223, АК15, April 1963, presented results of the third test. The 
purpose of the evaluation was "to determine the effect of rate of 
twist on accuracy, reliability, bullet stability, and endurance." 
Four AR15 rifles, two with 1:14-inch twist rate and two with 1:12- 
inch twist rate, were fired. An M14 rifle was used as a control 

28/ 


weapon.—" The test consisted of firings for velocity, accuracy, 


and endurance, under controlled conditions. 


vg te 


The same АК15 configuration that was tested in the comparative 


DTE 


TTE 


evaluation of the AR15, M14, and AK47 was used, except that two of 
the weapons had 1:12-inch twist rate barrels. The standard M14 
manufactured by Harrington and Richardson Arms Company was used. 
Caliber .223mm ball cartridge, Lot RA5024 (201М), loaded vith IMR 


4475 propellant, and caliber 7.62mm ball cartridge NATO M80, Lot 


“Зул Ne ADHI rosie va A er dE ena 


FC 1907, were used. 


m 


The results of the test (CÓ 


RE 


28 E 

All М14'5 have a 1:12-inch twist rate. 3 

xd See Inclosure 6-2, Table 11, for detailed malfunction data. # 
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Malfunctions ___ 

Rounds Total Number per 

Weapon Fired Number 1.000 Rounds 
AR15 25,850 429 16.6 
M14 6,622 16 2.4 


The results of this test make a valid comparison of the 
reliability of the AR15, as it was configured at that time, and 


the M14. Since weapons performance under adverse conditions was 


not assessed during this test, the malfunction rates reflected 


are those which could be expected under ideal conditions. The re- 
sults are comparable only to similar tests run by D&PS. 


THE USAIB TEST OF THE BOLT ASSIST 
The results of the fourth test used appeared in the 


U.S. Army Infantry Board Report of Product Improvement Test of 
Armalite ARIS Rifle (Test of Bolt Assist Device), 30 August 1963. 
The purpose was to determine the suitability of the proposed 
bolt closure device, and no control weapons were used. The test 
concluded that "the modified АК15 rifle did not show significant 
improvement in reliability over the AR15 rifle used in the previous 
project." 

The modified AR15 used in this test differed from the rifles 
tested in November-December 1962 in that a bolt assist device, 
which was built into the charging handle and the upper receiver, 
had been added. Aluminum magazines of a new design were also 


provided for the test. The 5.56mm ammunition used in the test 
was not identified. 
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The reliability data were obtained from firings conducted in 
the following exercises: 


a. Exercise 1 - The three modified ARL5 
rifles were fired at the rate of 40 rounds per 
minute for 5 minutes, then allowed to cool. 
The rifles were then fired at a rate of 15 
rounds per minute for 200 rounds, allowed to 
cool, and then cleaned. 


b. Exercise II — The three modified ARL5 
rifles were exposed to settling dust as might be 
encountered in a convoy on a dusty road, after 
which they were wiped off, fired at the rate of 


40 rounds per minute for 5 minutes, allowed to 
cool, and then cleaned. 


ROE AeA h tan à 


c. Exercise IIl — The three modified АК15 
rifles were fired at the rate of 40 rounds per 
minute for 5 minutes, allowed to cool, and then 
cleaned. The rifles used in this exercise had 
a liberal coat of oil on the bolt and bolt carrier. 


d. Exercise IV — The three modified ARiS 
rifles were submerged in water, then withdrawn 
and wiped as dry as would be practical in a 
hurried field situation. The rifles were then 
fired at a rate of 40 rounds per minute for 
5 minutes, allowed to cool, and then cleaned. 
The results of the test ve re: 7 

Mal functions 


Rounds Total Number per 
Exercise Fired Number 1,000 Rounds 


1 (1,200)2/ (5.8)2/ 
її (600) (11.7) 
111 (600) (16.7) 
IV (600 (11.7) 


Total 2,886</ 10.74/ 


Numbers in parenthesis indicate rounds scheduled to be fired 
in each exercise. Actual number fired was not stated. 


b Rates in parenthesis indicate what the malfunction rate would 
be if all scheduled rounds were fired. 


€ Actual total rounds fired for all exercises. 


d Actual malfunction rate for all exercises. 


` 


30 See Inclosure 6-2, Table 12,for detailed malfunction data. 
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Of the 31 total malfunctions, 58 percent or 18 malfunctions 
were failures to feed (FF or ЕЕ-1), The malfunction rate was con- 
siderably higher than previously experienced except where all adverse 
conditions (dust, unlubricated, mud, rain, and extreme cold) were 
tested. The results of this test are not directly comparable to any 


test conducted before. 


THE USAIB TEST OF THE BOLT CLOSURE DEVICE 


The U.S. Army Infantry Board Product Improvement Test of the 
Armalite AR15 Rifle, 14 October 1963 furnished the results of the 
fifth test. A The purpose vas to determine the suitability of the 
proposed bolt assist device. No control weapons were used. The 
conclusion was: "The bolt assist device used in the test provides 
an adequate but not optimum means of c.osing the bolt of the АК15 
rifle in event of a stoppage." 

The modified АК15 used differed from the rifles tested in Novem- 
a bolt assist device had been added to 
the side of the upper receiver. It consisted of a housing and a 
spring-loaded plunger (pawl) assembly which, when pushed, engaged 
vertical notches cut in the side of the bolt carrier and forced the 
bolt and bolt carrier forward into the locked position. The 5.56mm 
ammunition used in the test was not identified. 

The reliability data were obtained as follows. 


a. Testing of the most recently modified АК15 
rifles was conducted on 2 October 1963. Four АК15 


31 USAIB Second Letter Report of Test Results - Product 
Improvement Test of the Armalite AR15 Rifle (Test of Bolt Assist 
Device), 14 October 1963. 
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rifles with the side mounted bolt assist device 
were used in each of the following exercises, 
(Three of the rifles used had the housing mounted 
on the right side of the receiver and one of the 
housings mounted on the left side.) 


(1) Exercise I — The four modified ARL5 rifles 
were fired at the rate of 40 rounds per minute for 
5 minutes, allowed to cool, and were then cleaned. 


(2) Exercise Il — The four modified АК15 rifles 
were exposed to settling dust as might be encountered 
in a convoy on a dusty road, after which they were 
wiped off as would be practical in a hurried field 
situation, fired at the rate of 40 rounds per 
minute for 5 minutes, allowed to cool, and then 
cleaned. 


(3) Exercise ПІ — The four modified АК15 
rifles used in this exercise had a liberal coat of 
oil on the bolt and bolt carrier. The rifles 
were then submerged in water, withdrawn, and 
wiped as dry as would be practical in a hurried 
field situation, after which they were fired at 
a rate of 40 rounds per minute for 5 minutes. 


The results of the test are tabulated below. 20 


Malfunctions 
Rounds Total Number per 
Exercise Fired Number 1,000 Rounds 
I (800327 5 (6.3)2/ 
II (800) 10 (12.5) 
111 (800) ШЕК (16.3) 
Total 2,468 28 11.47 


Number in parenthesis indicates rounds scheduled to be 
fired in each exercise (actual number fired was not stated). 


5 Rates in parenthesis indicate what the malfunction rate would 


be if only scheduled rounds were fired. 


© Actual total rounds fired for all exercises. 


d Actual malfunction rate for exercises. 
32 
See Inclosure 6-2, Table 13, for detailed malfunction data. 
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Sixty-four percent or 18 of the 28 malfunctions were failures 
to feed (FF ог FF-1). Exercises I and 11 of this test are comparable 
to Exercises I and II of the USAIB 30 August 1963 test of another 
type of bolt assist device. The overall malfunction rate experienced 
in this test was higher by .7 per 1,000 rounds than in the previous 


test. 
THE USATECOM TEST OF BOLT ASSIST DEVICES 


The U.S. Army Test and Evaluation Conmand Report on the Product 
Improvement Test of Bolt Assist Devices for Rifle, Caliber .223, 
AR15, Report DPS-1120, November 1963, was the sixth test. The pur- 
pose of the test was to evaluate two different designs of bolt assist 
devices - a modified charging handle device and a side mounted 
plunger device. The conclusion of the report was that only the 
side mounted plunger device "provided an effective means for clos- 
ing the bolt under adverse conditions." No control weapuns were 
used in the evaluation. 

The seme basic АК15 weapon that was tested in the comparative 
evaluation of АК15 and M14 rifles, DPS Report №. 799, December 
1962, was used except that three of the weapons had modified charg- 
ing handle bolt assist devices, and two weapons had the side mounted 
bolt assist device. The 5.56mm ammunition used was the ball car- 
tridge caliber .223, identified as RA5024, which included Lots 
216М, 2015М, and 201М containing IMR 4475 propellant. 
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The reliability data was obtained during D&PS standard adverse 


conditions tests (unlubricated, dust, mud, extreme cold, and cook 


off). 


The results of the test were as follows 33 


Ма1 funct ĩonsb⸗ 
Round s Total Number per 

Test Weapon2/ Fired Number 1,000 Rounds 
Unlubricated C 180 - .0 
P 120 2 16.7 
Dust С 180 22 122.2 
Р 120 25 208.3 
* Mud C 180 204 1,133.3 
8 P 120 216 1,800.0 
Cold (-65 ) C 1,800 83 46.1 
P 1,200 65 54.2 
Cook Off C 797 29 36.4 
Total с 3,137 338 107.7 
Р 1,560 308 197.4 
А11 4,697 646 137.5 


Weapon code: С = АК15 with modified charging handle bolt 
assist device; P = ARIS with side mounted plunger bolt assist device. 


b : А š T 
High malfunctio rates in adverse ccnditions tests are not 


uncommon because multiple malfunctions can and do occur in firing 
one round. For example, a failure to feed, a failure to extract, 
and a failure of the bolt to remain to the rear could occur. 

This test 15 considered valid and comparable with other 


USATECOM (D&PS} tests when the weapons were subjected to the same 


adverse conditions. ТЕ is noteworthy that a lower malfunction rate 


33 See Inclosure 6-2, Table 14, for detailed malfunction data. 
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was experienced by the АК15 equipped with the modified charging handle 


ЖЕТЕ ХӨ аа а е он алана Ай 


bolt assist device than by the AR15 equipped with the plunger bolt 
assist device, which was eventually adopted for the Army. 
THE USAIB TEST OF THE BOLT ASSIST DEVICE 
The U.S. Army Infantry Board Letter Report of the Product Im- 


provement Test of ХМ16 Rifles, 4 December 1963, recorded the results 


of the seventh test used here. The purpose was to determine (1) if 


34/ 


the enlarged striking surface of the plunger— on the bolt assist 


device was adequate; (2) the suitability of an enlarged charging 
handle to increase leverage for opening the bolt in the event of 


certain stoppages; and (3) the suitability of a modified firing pin, 


сн гада da de YMA Tu DL SP ЯА кыйы. dab ana шалдан Ks a. w Do NR CRIT RO СР ТЕТЕ ا‎ 


designed to prevent inadvertent firing. The test concluded that all 


three modifications were adequate to perform their intended tasks. 


No control weapons were used. 


The АК15 had been classified limited production (LP) for the 


Army in early December 1963 as the XM16. This was the basic rifle tested 


in the 14 October 1963 USAIB test with the fo.lowing modifications: 


(1) the bolt assist device had an enlarged .triking surface on the 


plunger cap; (2) the charging handle had been expanded at the rear ir 


width and thickness to increase leverage for opening the bolt; and (3) 


the shoulder of the firing pin had been reduced in size and a coil 


spring had been added to prevent forward movement until the pin was 


Struck by the hammer. The 5.56mm ammunition used in the test was not 


identified. 


The reliability data was obtained as follows: 


Recommended in the USAIB, 14 October 1963, report. 


lutea saed same — — 
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(1) Test I - The nine XM16 rifles were fired at 
the rate of 40 rounds per minute for 5 minutes, al- 
lowed to cool, then fired at the rate of 15 rounds 
per minute for 200 rounds and allowed to cool The 
rifles were then cleaned and oiled. 


(2) Test II - The ХМ16 rifles were exposed 
to settling dust as might be encountered in a convoy, 
wiped off under hurried field conditions, fired 40 
rcunds per minute for 5 minutes, allowed to cool, 


then were cleaned and oiled. 


(3) Test III - А liberal coat of oil was ap- 
plied to the firing mechanisms of the -ifles, after 
which they were submerged in water, wiped off under 
hurried field conditions, fired 40 rounds per minute 
for 5 minutes, and allowed to cool. They were then 
cleaned and oiled. 


3 
The results of the tests were as follows: 
Malfunctions 

Reunds Total Number per 
Test Fired Number 1,000 Rounds 
I 3,600 2 .6 
II 1,800 17 9.4 
111 1,800 11 6.1 
Total 7,200 30 4.2 


The results of this test are comparable to the USAIB test data 
of 14 October 1963. Failure to feed (FF or FF-1) malfunctions ac- 
counted for 53 percent or 16 of the 30 mal functions experienced. 

The overall malfunction rate was cnly 37 percent of that experienced 
in the previous test. This is the first test of this series that 


did not report a failure to extract (FX) malfunction. 
THE USAF TEST OF FIRING PINS 


The U.S. Air Force Marksmanship School Evaluation of M16 Modi- 


fication - Firing Pin Retaining Devices, 6 December 1963, was the 


33 See Inclosure 6-2, Table 15, for detailed malfunction data. 
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eighth test evaluation used here. The purpose of the test was 
to evaluate the effectiveness of two designs of firing pins in 


ақы АИ ллы, аы, eu 


reducing firing pin energy upon closure cf the bolt in the M15 
САК15) rifle. The conclusions of the test indicated that both of 


the modified firing pins would introduce a greater probability of 


тааш An ад Ead N- ا‎ ve AP deu ds s aAA 


misfire than of inadvertent fire. No control weapons were used in 
the evaluation. The АК15 configuration was the same as that tested 
in the 1962 comparative evaluation of the AR15, M14, and AK47 


except for the modified firing pins. The 5.56mm amaunition used 
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was not identified in the report. 


The reliability deta was obtained from firing approximately 
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7,000 rounds in each o£ five weapons. The mode o£ fire and firing 


— 


schedule were not described. Each weapon was cleaned, lubricated, 


and inspected after each 1,000 rounds. 


n 
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The results of the test were аз follows :36./ 
Malfunctions 
| Rounds Total Number per 
i ` Weapon Fired Number 1,000 Rounds 
M16(AR15) 35,885 48 1.3 


- Since the purpose of the test was to evaluate two types of 2 
firing pin retaining designs to preclude inadvertent fire upon closure 
of the bolt , most, if not all, firings were probably semiautomatic. 
Further, the weapons were not subjected to any adverse conditions, 


and were cleaned and lubricated after each 1,000 rounds. The 
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resulting malfunction rate, therefore, is one that could be expected 


: 49 See Inclosure 6-2, Table 16, for detailed malfunction data. 


under ideal conditions. It is important that one-third of the 48 
malfunctions experienced were caused by broken parts, a dramatically 
higher parts mortality rate than had ever been experienced before 
with the М16 system. The test report noted the high incident of parts 
breakage and found that the modified firing pin adversely affected the 
reliability of the system. The results of this test are not directly 


comparable to any test conducted prior to December 1963. 
THE USATECOM PROPELLANT TEST 
The U.S. Army Test and Evaluation Command (D&PS) Engineer Design 


Test of Alternate Propellants for Use in the 5.562n Ball Cartridge, 


M193, April 1964, was the ninth test. Its purpose was to provide 


Frankford Arsenal with ballistic date on four lots of 5.56mm ammunition 


loaded with four different propellants, and the results were included 
in the Frankford arsenal report. The A&15 used was identified only 
as a caliber .223 rifle, Colt, АК15, model 02. Presumably the wea- 
pons tested had a 1:12-inch barrel twist. 
The ammunition used was 5.56mm ball cartridge, M193, with the 

following lot numbers: 

РА-223-103, loaded with WC846 propellant 

RA-223-104, loaded with НРС-10 propellant 


RA-223-105, loaded with IMR 4475 propellant 
RA-223-106, loaded with ЕХ8136-1 propeliant 


37 Only 27,500 1:14-inch twist rifles were made, and the 
serial numbers of the 16 rifles used in the test are in the 31,000 
to 35,000 blocks. 


6-60 


Firings were conducted to provide information on smoke, flash, 


fouling, and erosion. Each weapon first Fired 1,500 rounds without 
cleaning in the fouling test. Only one of the twelve weapons 
experienced a stoppage attributable to fouling. After lubrication 
of the bolt cam pin, each weapon completed the remaining 4,690 rounds 
on the endurance schedule without further stoppages. The weapons 
were cleaned after the fouling tests were completed, and every 1,000 


rounds thereafter. 


The results of the tests were as #о110ыѕ:38/ 
"E Malfunctions 
Rounds Total Number per 

Lot Number“ Fired Number 1,000 Rounds 
RA-223-103(WC846) 13,874 14 1.0 
КА-223-105(Н2С-10 13,840 2 21 
RA-223-105(1MR 4475) 13,770 2 31 
КА-223-106(=Х8135-1) 13,790 20 1.5 

Total 55,274 38 .7 


Twelve AR15's were used for the tests, three rifles for each 
lot of ammunition. 


These tests were conducted under ideal conditions for purposes 
other than reliability, therefore the results are coaparable only to 
other tests of the same type conducted by D&PS. Іс should be noted 


that 20 of the 38 total malfunctions were experienced by one rifle 


during the fouling test, using ammunition Lot RA-223-106(EX8136-1). 


38 See Inclosure 6-2, Table 17, for detailed malfunction data. 
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The tenth test results were contained in USATECOM (D&PS) 


Report on Product Improvement Test on Modified AR15 Rif 


DPS-1276, April 1965. The purpose of ti 


the following modificati 
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(a) bolt closure 


device (two modifications); (b) charging handle; (c) firing pin 
(three modifications)." 


The test report concluded thet: 
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а. The frequency of feeding and chambering 
malfunctions indicates the necessity of a positive 
method of canualivy assisting the forward movenen 
of the bolt and boit carrier a es i 


er as 
- . + жаз adequate in periorn 
intended function. 


closu: 2 device ‘as 


: b. The modified charging handle design provides 
adequate means for retracting the doit and belt carrier 
1 


assemblies. . 


c. Test data do 


d. The life of the extractor spring was less 
than that of other spring components of the АХ15 


t rifle 
i 


24 


: - е. The magazines supplied with the test weapons 
caused failures to feed and to chamber. . . . 
f. Weakness of the bolt catch spring allowed 
functioning of the bole catch before the last round 


was fired. 


g- The energy delivered b 


y the action spring 
to the bolt carrier during the loading cycle of the 
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No control weapons were used in the tests. AR15's modified with the 


side mounted plunger bolt closure device (two configurations), 
an enlarged charging handle, and three configurations of firing 
pin inertial retarding devices were used. Five rifles were tested, 
The ammunition used was 5.56mm bail cartridge, М193, Lot RA-5022, 
loaded with IMR 4475 propellant. 

The malfunction data were obtained during standard adverse 
conditions tests (extreme cold, extreme heat, rain, dust, and mud) 


and the standard 6,000-round endurance test. 
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The results cf the tests were as follows: 22. 


Malfunctions 
Rounds Total Number per 
Tes. Fired Number 1,000 Rounds 
Exı eme cold 560 6 10.7 | 
| Extreme heat 560 3 5.4 8 
š 
Rain 3,000 40 13.5 3 
Dust 100 0 C E 
Mud 134 168 1253.7 : 2 
! 1 3 
Endurance 29,119 626 21.5 | 


Total 33,473 843 25.2 


The results of this test are considered vaiid for comparison 


with the results of previous advezse conditions and endurance 


tests on the АК15 conducted by D&PS, Failures to feed (FF, FF-1, 


SR) accounted for approximately 29 percent of the malfunctions. 


— y 


b^ { 39 


See Inclosure 6-2, Table 18, for detailed malfunction data. 
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Malfunctions of this kind are largely influenced by the quality of the 


magazines used, and the magazines used in this test were of poor 


quality 
THE USATECOM TEST OF PERFORMANCE VS SPECIFICATIONS 


U.S. Army Test and Evaluation Command (D&PS) Final Report of 
Comparison Test of the Rifle, 5.56mm, M16, Report DPS-1471, October 
1964, was the last test used in this period. The purpose was: 

to determine if M16 production rifles conform 

to the performance specifications and as a quality 

assurance measure to detect any design, manufacturing, 


or inspection deficiencies that would adversely 
affect the operation of the rifles. 
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з conclusions of the report were: 


a. With the exception of one rifle which 4 
failed to meet performance specifications because ч 
of excessive failures to fire seni automatically, 24 
all of the rifles tested met . . . performance E 
requirements 3d 


b. In the automatic accuracy and adverse 
conditions tests . . . no significant design 
operational deficiences were encountered. . . . 


The test consisted of various semiautomatic and automatic accuracy 


tests, a rate-of-aimed-fire test, adverse conditions tests 
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(extreme cold, unlubricated, mud, rain, dust, and heat ала j 


humidity), and the standard 6,000-round reliability test. No 
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control rifles were used in the tests. Production model Ml6's 


without a bolt assist device, ball cartridge caliber .223 (5.56mm), 


Lot RA 5027, loaded with IMR 4475 propellant, were used. 
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The results of the tests Ёо1108:20-/ 


Malfunctions 


Rounds Total Number per 
Test Weapon Fired Number 1,000 Rounds 


Adverse conditions 
Unlubricated M16 
Dust M16 20 
Mud M16 20 
Rain M16 600 
Extreme cold M16 620 
Heat and humidity M16 160 


Reliability including 
accuracy М16 16,812 


Total M16 18,332 


Includes 20 failures to extract because of a defective 
extractor and spring. These were the only failures to extract 
experienced in the entire test. 


The results of this test are considered valid and are directly 
comparable to previous adverse conditions and reliability tests 
conducted by D&PS, 

SUMMARY 
The 1963-64 period of testing was devoted primarily to testing 


improvements to the АК15 (bolt assist devices, firing pin retarding 


40 See Inclosure 6-2, Table 19, for detailed malfunction data. 
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devices, barrel twist rate, and propellants); re-evaluations of 

the AR15 by the Army; and an evaluation by the U.S. Marine Corps. 
Since most of the tests were of various modifications, and since 
problems with ammunition and magazines had not been resolved, the 
malfunction rates experienced were generally high until the last 

test of the period, when the rate was 3.4 per 1,000 rounds. One- 
third of all malfunctions in the final test were caused by a defective 


extractor and spring on a single rifle. Also during this period 


the AR15 was classified as limited production for the Army, and 
was issued to airborne and special forces units as their basic i 
weapon. No major problems were identified with the system by the 
tests conducted, although several modifications were recommended. 
See Appendix 2 for a detailed analysis of test procedures, А tabu- 


| lar summary of the 1963-64 period test results is given below: 
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Table 6-5 — SUMMARY OF АК15 and M14 TEST RESULTS 


Test 


Springfield Armory 


March 1963 


U.S. Marine Corps 


March 1963 


D&PS 
April 1963 


USAIB 
August 1963 


USALB 
October 1963 


USATECOM 
November 1963 


USAIB 
December 1963 


U.S. Air Force 
December 1963 


USATECOM 
April 1964 


USATECOM 
April 1964 


USATECOM 
October 1964 


Total — all tests 


1963 - 1964 


Rounds 


Weapon Fired 


AR15 3,736 


AR15 154,800 
M14 145,400 


АК15 25,850 


M14 6,622 
ARLS 2,886 
ARIS 2,465 


АК15 4,697 


АК15 7,200 


ARIS 35,885 


АК15 55,274 


AR15 33,473 


M16 18,332 


ARL5- 
№16 344,598 
M14 152,022 
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Malfunctions 
Total Number per 

Number 1,000 Rounds 
47 12.6 
1,203 7.8 
550 3.8 
429 16.6 
16 2.4 
31 10.7 
28 11.4 
646 137.5 
30 4.2 
48 1.3 
38 .7 
843 25.2 
63 3.4 
3,406 9.9 
566 3.7 
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Analysis of the malfunctions by type experienced during t his 


АККУ ВН ane а 


T" 


period indicates an approximate 4O percent reduction in failures to 


RIY a мызы 


feed but an increase in the failure to extract and failure of the 


bolt to remain to the rear malfunctions. The percentage of 


BN Азаа 


total mal function, by type, in firing 344,598 rounds is shown below. 


i 

Table 6-6 — SUMMARY OF ARIS MALFUNCTIONS ВУ TYPE, : 

1963 - 1964 3 

3 

Percentage Occurrence 2 

Туре оЁ of total per 3 
Malfunction Number Malfunctions 1.000 Rounds š 
Failure to feeda/ 1,002 29.42 2.91 1 
Failure of bolt to remain : 
rear 825 24.23 2.39 | 
í 

Failure to eject 148 4.35 .43 E 
Failure to fire 70 2.05 .20 


Failure to extract 344 10.09 1.00 


Bolt overrides base of 
round 80 2.35 .23 


Double feed 23 


Broken partb/ 41 1.21 12 


Failure of bolt to close¢/ 392 11.51 1.14 


All other malfunctions 481 14.12 


Totals 3,406 100.00 


Includes failure to feed first round. 


В Includes defective part, inoperative part, and damaged part. 


Includes failure to strip round from magazine and failure to 
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Тһе 1965-66 SAWS Study Cvcle of Tests 
Л This was ап active testing period in the life cycle of the М16 


system. In addition to the four SAWS Study tests, seven other tests 
were conducted which provided usable reliability data. 
THE USATECOM EVALUATION OF PRODUCTION RIFLES 

| The USATECOM (D&PS) Final Report of the Comparison Test of the 
5.56mm Rifle (8 September - 13 November 1964), January 1965, gave 
the results of the first of these. The purpose of the test was "to 
provide an evaluation of production ХМ16Е1 rifles to assure that 
they conform to the technical requirements of the purchase description 
Acceptance Testing Specifications and to detect any design, manu- 


facturing, or inspection deficiencies that would adversely affect 


the operation of the rifles." The reliability data was obtained by 


subjecting five weapons to various accuracy tests, standard adverse 


conditions tests and 6,000-round reliability tests. 
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The test report offered the following conciusions: 


` a. With the exception оЁ one rifle which failed 
to meet performance specifications because of exces- 
sive failures to feed with the cartridge visible, 
all the rifles tested met the performance requirements. . . . 


m 


— — — 


b. In the adverse conditions testing (no 
performance requirements delineated) no significant 
design or operational deficiencies were encountered. . . . ^ 


| 41 Extreme cold, high temperature and high humidity, dust, and 
mud, rain, and unlubricated weapon. 
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c. Attachment of the M7 bayonet to the rif e 
did not change the center of impact of the groups 
fired or adversely affect the accuracy of the rifle. 


4. The bolt-assist assembly provides a ready 
means of clearing failure to lock and failures to 
Strip malfunctions, and was not detrimental in 
any way to the use and operation of the rifle during 
the tests. . . . E 


FF 


zm 


A production model of the XM16El with а bolt assist device 
42/ 


and 1:12-inch barrel twist was used in the test.“ Ammunition was 
5.56mm ball cartridge, caliber .223, Lot numbers RA-5027 and КА-5022. 


Both lots were loaded with IMR 4475 propellant. 


ma 


The reliability of the XMI6El was reported аз 2011045: 437 


Hal functions 1 
Rounds Total Number per < 
Test Meapon Fired. Number 1,000 Rounds E 


Adverse Conditions 
Unlubricated ХМ16Е1 100 1 10.1 
Dust ХМ16Е1 20 0 -0 
Ма ХМ16Е1 20 0 -0 
Каїп ХМ16Е1 600 6 10.0 
Extreme cold ХМ16Е1 320 2 6.3 
Heat and humidity | ХМ6Е! 160 0 -0 
Subtotal XMIGEl 1,220 9 7.6 

Reliability ХМ16Е1 15,089 21 1.4 


Interchangeability XM16El 120 1 8.3 
Tota! ХМ16Е1 16,429 31 1.9 


^2 Serial numbers in the 101,000 and 102,000 blocks. 
43 See Inclosure 6-2, Table 20, for detailed malfunction data. 
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ТНЕ ИЗАТЕСОМ ТЕЗТ ОЕ ТНЕ ТКАСЕК САКТЕТОСЕ 
ОЗАТЕСОМ (D&PS) Final Report of Engineering Test of Cartridge, 
5.56mm, Tracer, XM196, Report DPS-1687, (15 July 1964 - 16 March 
1965), June 1965, recorded the results of a test "To determine the 
suitability of the XM196 cartridge for use in the M16 rifle."  Firings 
were conducted for accuracy, trace, cook off, vibration, brush 
deflection, erosion, penetration, and functioning. The report 
concluded: 
а. The physical characteristics, trace 
characteristics and accuracy of the ХМ196 cartridge 
complied with (the specifications). 
b. А cook off can be expected with eithe- 
the XM196 or M193 round when more than 120 rounds 


are fired as rapidly as possible in the M16 rifle. 


c. The vibration of the XMi96 cartridge 
caused delays in trace. . . . 


d. The erosion characteristics of the ХМ196 
cartridge are comparable to those of the M193 
cartridge 


e. The attitude of the weapon does not affect 
functioning when firing either the ХМ196 or M193 
cartridge 


Four М16 rifles and two ХМ16Е1 rifles were used in the test. 
The M16 is the standard U.S. Air Force version of the ARL5, without 
the bolt ass'st device, and the XM16El was at that time classified 
as limited production for the Агшу and had the bolt assist device. 


Both weapons had a 1 turn in 12-inch barrel twist. The ammunition 
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used was 5.56mm ball cartridge, M193, Lot RA-5027, and tracer 
cartridge, ХМ196, Lot RA-223-115. Both lots were loaded with IMR 4475 
propellant. 

The reliability data were reported as follows:44/ 


Serial | Total Number per 
Weapon Number д МитБег 1,000 Rounds 


ХМ16Е1 23,295 
ХМ16Е1 23,348 
М16 8,625 
М16 7,239 
М16 7,721 
M16 8,651 
Total 

ОЕ the total malfunctions reported, 86 percent or 127 were 
experienced with one rifle. ОҒ these, 60 percent or 89 of the total 
malfunctions were the firing of two rounds on one pull of the trigger 
and 20 percent or 3 were failures to fire caused by light strikes 
by the firing pin on the primer. As а result, the overall malfunction 
rate for the test was 7.0 per 1,000 rounds; it wculd have been 1.3 
per 1,000 rounds without these two malfunctions. Although the primary 
purpose of the test was to evaluate the performance of the ХМ196 
tracer round, test personnel should have recognized the repetitive 
malfunctions of the one weapon, and changed the defective parts in 
the trigger group. It should be noted that 41 of the 44 malfunctions 

2% See Inclosure 6-2, Table 21, for detailed malfunction data. 


45 The F2R malfunctions began at about 700 rounds and continued 
through the rest of the 6,300 rounds fired by that weapon. 
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of failure to fire were experienced with the ХМ196 tracer round, 


30 of them in the same weapon, as indicated above. Since the weapons 
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were fired under "ideal" conditions, the firings and malfunctions of 
that one weapon should be disregarded. The malfunction rate for all 
other weapons during the test would then be 1.4 per 1,000 rounds, 


which is considered valid. 


ООА 


THE USATECOM REPORT OF THE SAWS SERVICE TEST 


The USATECOM 


нетін мен ка i 


(USAIB) Final Report of SAWS Service Test, 


гүй at c 


Project 3110, December 1965, furnished results of the Service Test, 


whose objectives were: 


To measure weapons performance against standards 
provided by the U.S. Army Combat Developments Command. 


= 


То provide . . . data resulting from tests 
for use in parametric design/operational effectiveness/ 
cost analysis studies to be conducted by USACDC, 


To develop sufficiently comprehensive data, 
as appropriate, to provide a basis for choice if 
type classification is desired. 


The reliability data were collected during extensive firings 
by troops in basic marksmanship courses and simulated combat situa- 


such as attack and defense, 


both day and night. The weapons 


КГ so m 


were used in the situations firing both semiautomatically and 


automatically. The data indicated 


below include firings of the 


M14 and ХМ16Е1 in only the rifle role. 
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The XM16E1, М15, and M14E2 rifles used were of the same con- 
figuration as those used in the Engineering Test described above. 
The following ammunition was used in the test: 

7.62mm NATO ball cartridge, M80, Lots FA 5374, МВА 22386, 

LC 12532, LC 12036, and LC 12047. (The last two lots were match 
grade ammunition.) 

7.62mm NATO tracer cartridge, M62, Lot LC 12266. 

5.56mm ball cartridge, M193 Lot WCC 6089, RA 5101, RA 5100, and 
RA 5072. (All lots except RA 5072 were loaded with WC 846 ball 
propellant; Lot RA 5072 was loaded with CR 8136 IMR propellant.) 

5.56mm tracer cartridge, M196, Lot ВА 5119, RA 4019, and 


RA 5018 (all loaded with WC 846 bali propellant). 


The reliability of the weapons in the test is indicated below:46/ 


Maifunctions 
Rounds Total Number per 
Weapon Fired | Number 1,000 Rounds 
XM16El 95,720 1,269 13.3 
M14 445,268 351 .8 


Of the 1,269 XM16El malfunctions, 77 percent were attributable 
to three types of malfunctic-s: .siiure of the bolt to remain to 
the rear (FBR), 42 percent; bolt override of the base of the round 


(ВОВ), 15 percent; and failure to eject (FJ), 20 percent. Although 


46 See Inclosure 6-2, Table 22, for detailed malfunction data. 
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the FBR and BOB malfunctions could be partly attributed to the 


magazines used, they could also be directly related to the rate of 


speed at which the recoiling parts were operating, as in a high cyclic 
rate of fire. If the recoiling parts (belt, bolt carrier, and 
buffer) are moving fast enough the magazine does not have sufficient 
time to position the bolt stop and a FBR occurs, or to position the 
next round in the magazine so that the forward noving bolt will strip 
it from the magazine properly and г BOB occurs. In addition, an 
excessively high rate of failure to extract malfunctions occured 
during the test: 7 percent of the total malfunctions, or one in 
every 1,113 rounds. These malfunctions may also be partly attributed 
to fast moving operating parts caused by a high cyclic rate, because 
if the operating parts initiate extraction before the gas pressure 
within the cartridge case has had time to dissipate sufficiently, 
the case is still expanded against the walls of the chamber and an 
extractor override, or rim shear, may occur 2nd the case will nct 
be extracted. This test does provide a valid comparison 
reliability of the two weapcn systems as they were configured at 
that time (the ХМ16Е1 used primarily ball propellant ammunition and 
the old buffer design). 
IHE BARREL EROSION STUDY 
The Springfield Armory - U.S. Air Force Barre! Erosion Study 


of Rifles, 5.56mm, М16 and ХМ16Е1, January 1966, had as its purpose 
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а. To provide а simple, practical means 
of determining when the rifle barrel should be 
replaced, based on the erosion of the barrel bore. 


b. To test proposed design changes. 


c. To determine parts life of the current 
design. 


d. To determine the mal funct 
peculiarities of the weapon result 
firing. 


ion rate and the 
ing from extended 


e. To test the cleaning rod, Mli, and the 
bore brusn, 11010021, for durebility. 


Reliability data was obtained by subjecting 12 rifles to various 
accuracy, velocity, and yaw firings, as well as functional firings 
under idea! conditions. 

The report concluded: 


a. he Erosion of the bore can be used 
reliabiy as one weans of determining the need to 
rebzrrel a rifie. 


b. А simple, inexpensive, easy-to-use gage 
can be designed for this purpose. 


c. That both the M11 cleaning rod and Sore brush, 


SS 


11010021, (short) are not adeqvate. 


d. The bolt suffered the greatest breakage rate, 
followed by the extractor spring, ejector spring, 
hammer spring. action spring guide assembly, and the 
extractor. These six сопропеп:5 accounted for 
approximately 63 percent of the breakages or un- 
serviceable parts. 


e. The "fail to eject" malfunction {42.5 percent) 
and the "bolt stop" failed to function (40 percent) 
accounted for 82.5 percent of the totai aalfunctions 
encountered dvring the test. 
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Е. There had been no appreciable loss of velocity 
when the weapons were rejected for loss of accuracy. 


8. The test magazines GX5559, and the 30 round 
magazine (no number) functioned acceptably but suffered 
severe pitting after exposure to rain and were not 
acceptable for this reason. The use of a protective 
finish would overcome this condition. 


h. The bolt carrier, 6X5552, was not acceptatle 
due to the reduced service life of 10,000 rounds 


as compared to the more than 25,000-round life of 
the standard. 


All twelve rifles tested were ХМ16Е1, with bolt closure device 
а l turn in 12-ir ^ barrel twist; six were standard production 
model ХМ16Е1!5 and six XML6EL's modified wit! te^. = onents 


as follows: 


Bolt Spring ection 
Ejector ' Carrier, bolt 
Ejector spring Ejector slot cover assy 
Extractor Hand guard slip ring section 
Key, bolt carrier Spring, weld assy 
Pin, extractor Assembly? gas tube 
Pin, firing Seamless, stainless steel tube 
| Pin, firing pin Box, magazine with protective 
. retaining finish 
Spring, hammer Box, magazine without protective 
finish 


The test components were replaced with standard components in 


the event of failure during the test. Ammunition used for accuracy 


$ ki a! 
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firings vas 3. 56mm ball cartridge, Lots КА 1-5, RÀ 1-6, and 
ВА 1-7; Lots WCC 6022 and WCC 6026 were used for function firings. 
The RA lots were loaded with IMR 4475 propellant and the WCC lots 


were loaded with WC 846 (ball) propellant. 
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The reliability was reported as Ёо11088:27/ 


Malfunctions 


Rounds Total Number per 
Weapon Fired Number 1,000 Reunds 


Standard ХМ16Е1 172,000 2,491 14.5 


Modified ХМ16Е1 156,000 2,033 13.0 


Total 328 ,000 4,524 13.8 | 3 


Although th: test was conducted primarily to determine barrel 3 
life and to test some modified components, it does provide malfunction 3 
data that can be compared to previous tests. (See Inclosure 6-2, 3 
Tables 24 and 25, for detailed malfunction data for the first 6,000 3 
rounds and the first 10,000 rounds of the test, respectively.) : 
Weapons performance varied widely in the percentages of total Ñx 


malfunctions experienced in the firsc 6,000 rounds (a low of 2.7 


percent to a high of 55.1 percent), and those experienced in the 


pady 


first 10,000 rounds (a low of 4.8 percent to a high of 65.6 percent). 
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The weapons with the modified components consistently performed 


better than the standard production weapons. The performance 
reflected in Inclosure 6-2, Tables 24 and 25 can be directly 
compared with other tests of a cimilar nature (that is, with no 
adverse conditions) which involved the expenditure of 6,000 or 


10,000 rounds. 


57 Зее Inciosure 6-2, Table 23, for detailed malfunction data. 
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THE FRANKFORD ARSENAL TEST OF PROPELLANTS 
' The Frankford Arsenal Test of Cartridge, 5.56mm. Ball, M193, 
Lots RA 5074 and WCC 6089 in Rifles, 5.56mm, ХМ16Е1, and ARIS, 
Я February 1966, had as its purpose "to determine the effect of 
propeilant types on the functioning and reliability of 5.56mm 
i ХМЕбЕ! rifles." Тһе 12,000-round test was conducted under non- 


adverse conditions (bench rest firings) and the weapons cleaned 
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and lubricated every 1,000 rounds. 


ТИВ 


- The test report concluded: 


Cartridge lot WCC 6089 (Ball Propellant) gave 
a lower chamber pressure, a high port pressure, a 
higher cyclic rate, a greater malfunction rate, 
greater fouling, more variation in velocity due 
to variations in handling, and less bore erosion 
than did lot RA 5074 (IMR Propellant). 
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Four new XM16El rifles and two used ARL5 rifles were tested. 


ИНН 
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One ХМ16Е1 and one АК15 rifle fired only ammunition loaded with 
IMR propellant; one XM16El and one ARIS rifle fired only ammunition 3 
loaded with ball propellant; and two ХМ16Е1 rifles alternated 
between the two propellants every 3,000 rounds. Ammunition used 
was 5.56mm ball cartridge, Lots RA 5074 (IMR propellant) and 


WCC 6089 (ball propellant). 
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A summary of the reliability data contained in the test report 1 
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is tabulated below: — 


Malfunctions 1 
Rounds Total Number per E 
Rifle Propellant Fired Number 1,000 Rounds 3 
ХМ16Е1 IMR 6,000 6 1.0 E 
10,000 17 1.7 5 
12,000 23 1.9 5 
% ХМ16Е1 Ва11 6,000 50 8.3 Я 
2 10,000 115 11.5 E 
= 12,000 148 12.3 š 
š | , = 
ES d : 3 
E! ХМ16Е1 Мїх 6,000 54 9.0 3 
= | 10,000 154 15.4 š 
| 12,000 172 14.3 2 
Si Я 
JU ХМ16Е1 Мїх 6,000 87 14.5 3 
Eli 10,000 123 12.3 Е 
E. | 12,000 176 14.7 3 
|” АВ15 IMR 6,000 46 7.7 3 
E 10,000 71 7.1 $ 
A 12,000 91 7.6 i 
ЕС ARIS Ball 6,000 131 21.8 
= 10,000 177 17.7 
2 12,000 218 18.2 
Ë Total — all firings 72,000 828 11.5 
33 The results of this test indicated clearly that there was a 
E decided weapon-ammunition compatability problem, although Frankford 


Arsenal did not identify the cause or causes. The test report did 


point out that the stoppage rates per 1,000 rounds (as opposed to 


^8 бее Inclosure 6-2, Table 26, for complete malfunction data; E: 
Table 27 for malfunction data after the first 6,000 rounds; and : 
Table 28 for the malfunction data after the first 10,000 rounds. 
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the malfunction rates indicated above) were 5.2 when ball propellant 


loaded ammunition was fired and .75 when IMR propellant loaded ammu- 
nition was fired. If only stoppages were considered, the rate using 
ball propellant loaded ammunition was still excessive. The mal- 


functions reported in this test are displayed in detail for 6,000, 
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10,000, and 12,000 rounds, as indicated above, so that comparisons 
can be made with the results of other tests when only 6,000 or 
10,000 rounds were fired. 
THE USATECOM ENGINEERING TEST 
The USATECOM (D&PS) Engineering Test of Small Arms Weapons 


Systems (SAWS); Volume I, Partial Report, December 1965 (DPS-1851); 


Дені сана, ipuy a ble 


and Volume I, Final Report, March 1966 (DPS-1970), stated its 


ARES eH 


objectives: 


а. То determine the technical properties, 
performance, capabilities, and limitations of each 
of the candidate weapons and systems, in comparison 
with tkose of 5.56mm and 7.62mm small arms weapons Е 
currently in Army use in the ground and vehicular 5 
armament roles. 
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b. To determine the degree to which the candidate = 
weapons and weapons systems, and the standard weapons, 1 
fulfill requirements as expressed by the U. S. Army 3 
Combat Developments Command (USACDC). a 
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с. To provide the U.S. Army Ballistic Research 
Laboratories (USABRL) with appropriate data for 5 
use in parametric design studies to be conducted та 
by USACDC. 43 


4. То provide, if appropriate, a basis for 
type classification action. 
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The SAWS rifles were tested against criteria esta..ished by 
USACDC in the following areas: 


General characteristics, including accuracy, 
dispersion, safety, smoke and flash. 


Adverse conditions, including unlubricated, high 
and low temperatures, temperature and humidity, 
water spray (rain сєзї), salt water, sand, dust, 
and mud). 
Reliability (6,000 round reliability test). 
Sustained fire (continous fire at various sustained 
fire rates to determine weapon performance experienced 
in rapid or sustained firing). 
Production model ХМ16Е1 rifles with the old buffer and no 


chrome chamber and standard М14 and M14z259/ rifles were used, The 


following lots were used: 


AMMO LOT NO, PROPELLANT 


5.56mm ball M193 RA 5089, ВА 5090, WC 846 ball 
: RA 5122, RA 5123, 
RA 5134, WCC 6089 


RA 5072 CR 8136 IMR 
5.56mm tracer XM196 RA 5019, ВА 5031 WC 846 ball 
7.62mm ball M80 RA 5374, LC 12424 

WRA 22386 
7.62mm tracer LC 12266 


49 The М14Е2 rifle, formerly the Infantry Board MIA, has а 


stock with a pistol grip and forehand grip, a bipod, and a modified 
muzzle break-flash hider. 
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КЕТЕРДЕ .50/ 4 
The reliability data reported were as fol los: 5 
3 
Malfunctions 5 
Rounds Total Number per 3 
Тесе Weapont/ Fired Number 1,000 Rounds E 
Miscellaneous: ХМ16Е1 3,319 78 23.5 
accuracy, M14 7,625 il 1.4 
smoke, and 
flash 
Adverse Candi- ХМ16Е1 14,280 488 34.2 
tions: MIA 28,370 703 24.8 
unlubricated, 
rain, dust, mud, 
sand, salt water 
Reliability ХМ16Е1 32,975 1,173 35.6 
M14 70,344 211 3.0 
Sustained fire  ХМ16Е1 9,271 458 49.4 
M14 20,055 139 6.9 
Total — all XMI6EL 59,845 2,197 36.7 
tests M14 ` 146,394 1,064 7.3 


8 The М14 data includes all M14 and М14Е2 firings. 


The results of this test can be compared directly to other 
D&PS adverse conditions, reliability, and sustained fire tests 
previously conducted. The ХМ16Е1 rifle malfunction rate was 
noticeably higher in this test than it was in previous tests of the 


same type. See Appendix 2 for a detailed analysis of this test. 


92 See Inclosure 6-2, Table 29, for detailed malfunction data. 
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THE USACDCEC FIELD EXPERIMENT 
The USACDCEC Small Arms Weapons Systems (SAWS) Field Experiment, 
10 May 1966, was conducted "to assist in the evaluation of designated 
candidate small arms weapons systems . . ." Бу: 
1. Determination of the relative fire effective- 
ness of dismounted squads armed with various mixes 
of rifles, automatic rifles, and machine guns, includ- 
ing Soviet-type weapons. 
2. Determination of the relative fire effective- 
ness of squads armed with standard U.S. 7.62mm 
weapons firing duplex ball ammunition, compared 
with squads firing ball ammunition. 
3. Provision of certain data, such as firing 
Scores, that might provide some insight into the 
relative ease or quality of training afforded b 
the different weapon systems, as a by product 
of the preparatory training phase of the experiment. 
The reliability data were collected during preparatory training 
for the fieid experiments, experimental firings to check out 
range instrumentation, and during 1,007 record runs of nine 
tactical live-firing exercises on the experimental ranges. Although 
other weapons systems were in the experiment, only the reliability 
data for the М14 aad XM16El are shown below. 
The M14 and XM16E] rifles used in the experiment were identical 


in configuration to those tested in the SAWS Engineering Test. The 


ammunition used in the test was: 
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АММО LOT NO. PROPELLANT 
5.56mm M193 WCC 6033, WCC 6098 WC 846 ball 


WCC 6099, WCC 6102 


WCC 5074 CR 8136 IMR 
5.56mm tracer М196 
RA 5020 
7.62mm ball M80 RA 5374 
7.62mm M62 LC 12367 
The following reliability data were reported:2l/ 
Malfunctic..s 
Rounds Total Number per 
Phase Weapon Fired. Number 1,000 Rounds 
Training ХМІ6Е1 105,313 358 3.4 
M14 156,589 16 41 
Exploratory XML6EL 66,822 457 6.8 
firing M14 47,889 22 .5 
Field experiment ХМ16Е1 265,557 2,476 9.3 
M14 116,049 164 1.4 
Total — all XML6EL 437,692 3,291 7.5 
phases M14 320,527 202 .6 
Special fouling  XMI6E12/ 5,000 28 5.6 
test ХМ16ЕІР/ 7,620 7 .9 


а Fired with 5.56mm, M193, ball ammunition loaded with 
WC 846 propellant, Lot WCC 6098 (the same lot used in all phases 
of the field experiment), using six rifles. 


b Fired with 5.56mm, M193, ball ammunition loaded with IMR 
(CR 8136) propellant, Lot ВА 5074, using seven rifles. 


The reliability data reported for this field experiment were 


collected by trained personnel under the supervision of USACDCEC, The 


51 See Inclosure 6-2, Table 30, for detailed malfunction data. 
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results, therefore, are considered valid and comparable with other 


evaluations conducted 5; USACDCEC, as well as with data reported by 
USATECOM (D&PS). The malfunction rates reported in the field experi- 
ment and the special fouling test clearly indicate a reliability 
problem with the XM16E1, as configured at that time, when firing 
ammunition loaded with WC 846 (ball) propellant. 
THE SPRINGFIELD ARMORY BUSFER EVALUATION 
The Springfield Armory Evaluation of Proposed Buffer Designs, 
13 Мау 66, was a test to “evaluate buffers for the 5.56mm, ХМ16Е1 
rifle proposed by Colt's Industries." Functional tests were conducted 
with the standard buffer and four proposed buffers at various 
temperatures, using ammunition loaded with ball and IMR propellant. 
The conclusions of the evaluation were: 
The function with the proposed buffers and ball 
(WC 846) propellant was significantly better than 
the function with standard buffers and ball (WC 346) 
propellant. 
The performance when using the proposed buffers 
and ball propellant is not as good as the past per- 
formance of the M16 rifle using standard buffers 
and IMR (CR 8130) propellant. 
The function with the proposed buffers and IMR 
(CR 8136) propellant is not considered significantly 
changed from the function experienced in рге,іои5 


tests with standard buffers and IMR (CR 8136) propel- 
lant. 


The average cyclic rates of fire at -65°F with 
ball propellant and proposed buffers are within the 
range considered desirable for good weapon function. 
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At +155°F the average cyclic rates of fire with 
the proposed buffers and ball propellant were above 
the desired range but were significantly below the 
average obtained with ball propellant and standard 
buffers. 
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At ambient temperature the cyclic rates of fire 
with ball propellant and the proposed buffers were 
Slightly higher than the cyclic rates with IMR 
propellant and standard buffers. The proposed 
buffers resulted in a significant rate reduction 
when compared to the standard buffers when the 
proposed and standard buffers were fired with ball Е 
(WC 846) propellant. 


"TT 
22 


Six new XMI6El rifles using ^ experimental buffer designs and the 


standard buffer were used for the evaluation. Ammunition used was: 


AMMO LOT NO. PROPELLANT 
5.56mm ball М193 RA 5175, RA 5176 WC 846 ball Е 
WC 6089 E 
RA 5055, ВА 5060 CR 8136 IMR 
RA 5062 = 
5.56mm tracer №196 ВА 5019, RA 5031 RA 5025 


The reliability data, using all buffer types, were reported 


as follows:22/ 


Malfunctions E 

Rounds Total Number per 3 

Ammo Propellant Fired Number 1.000 Rounds z 
Ball Ball (WC 846) 31,040 1,038 33.4 E 
Ball IMR (CR 8136) 25,520 141 5.5 a 
Tracer Ball (WC 846) 2,300 9 3.9 5 


Т 
ЙГ 


Tracer IHR (CR 8136) 8,800 10 1.1 


22 See Inclosure 6-2, Table 31, for detailed malfunction data. 
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This evaluation accomplished its objective in that it demon- 
Strated that weapons with the standard buffer, firing ball propellant, 
experience high cyclic rates and correspondingly high malfunction 
rates, and that either of the new buffers which completed the entire 
test would lower both rates. The total malfuncticn rates shown in 
this test are not directly comparable to those in any other tests 
because of the various buffer assenblies used. The rates for the 
standard buffer and test buffer 2 (which was adopted as standard) 
can be compared with data fron other tests. 

IHE USATECOM TEST OF PROPELLANTS 

The USATECOM Engineer Design Test of Cartridge, 5.56mm, Ball, 
M193 (Evaluation of Improved and/or Alternate Propellants), 29 
January - 19 May 1966, was conducted 

... to ascertain the characteristics of two 

proposed alternate propellants in comparison with 

the standard ball propeliant. Data on chamber and 

port pressure, velocity, action time, accuracy 

and dispersion, barrel erosion, propellant fouling, 

cyclic rate of fire, noise, smoke, and flash were 

recorded. 

The firings were conducted under nonadverse conditions with rifles 
having the standard buffers and utilizing three propellant types. 
Each propellant was fired exclusively in two rifles, and all three 
propellants were fired in three rifles alternately. Nine production 


model XMISEl rifles were used. Ammunition consisted of 5.56mm ball 


cartridge, M193, one lot (unnumbered) loaded with Dupont IMR 8208M 
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propellant; one loc (unnumbered) loaded with Hercules IMR HPC 11 


and one, Lot 223-163, loaded with WO 846 propellant. 


The following reliability data were reported: / 


Rounds Total Number per 
Propellant Fired. Nunber 1,000 Rounds 
IMR 8208M 13,100 45 3.4 
ТМК НРС 11 13,100 241 18.4 
WC 846 14,600 101 6.9 
Mixed lots 5,020 55 8.9 
Total 45,820 432 9.4 


This test confirms the weapon systems sensitivity to the 
propellant and indicates that the IMR 8208М oropellant was the most 


compatible with the system, equipped with the standard buffer, of any 
of the propellants tested. The reiiability data reported in this 


tést are directly comparable to those ОР ether function tests con- 


ducted by USATECOM (D&PS). 


su 


IHE USACDCIA TROOP ACCEPTABiLIT" TEST 
The USACDC (CDCIA) Summary Report, SAWS Troop Acceptability 


Test, 3 June 1966, was intended "to develop implications of user 


acceptance of the candidate weapons systems available in hardware 


form, together with the impact each weapons system produces cn training." 


The test was conducted in five places: Fort Hood, Texas, the 


Federal Republic of Germany, Hawaii, Panzma, and Alaska during the 


cc ——— — А 23 m А 
23 See Inclosure 6-2, Table 32, for detailed na! function data. 
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period October-December 1365. The reliability Cata contained in the 


—. 


during squad and platoon unit firing exercises in the attack and 
defense, both day and night. The data presented deals with the 
XM16El used in the carbine, rifle, and automatic rifle roles, and 
all М15 and МІЛЕ2 fSicings in the rifle ard autocratic rifle roles. 

The XMIEEL, M14, and M:4E2 rifles used in the test were of the 
same configuration as those used in the SAWS =ngineerin 
tests previously discussed. Only the ammunition used in the Alaskan 
part was identified, and that consisted of: 

AMMO LOT NO. PROPELLANT 


5.551 ball M193 ЕС 1810 WC 846 ball 
5.56mm tracer М196 RA 5030 IMR (probably CP 8136) 


7. 62 bali M80 FC 1926 
7.62mm bali Mi98(duplex) ҒАР 7.62452 


7. b tracer M62 LC 12369 
The reliability data reported from the several test areas varied 
іп detail. al though the primary purpose of this phase of the SAWS 
Study was not the coilection of reliability data, the data reveal 
a lack of experience on the part of the test personnel at the 
various areas in the collection, anaiysis, and reporting of nal functions. 


The data reported in this test are valid only in comparison of the 
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у of the two weapon at a test cite where nal Func- 
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tions were reported uniformly for both systems. 
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The reliability data contained in the report were as follows:24/ i 


Malfunctions 
Rounds Total Number per 

Location Weapon Fired Number 1,000 Rounds 
USARAL ХМ16Е1 32,522 21 .6 

М14 36,237 17 .5 | 
USCONARC Xt. 6Е1 22,726 463 20.4 i 

M14 54,291 112 2.1 
USAREUR ХМ16Е1 61,608 22 .4 


i M14 49,479 8 .2 
USARPAL XM16E1 83,598 17 .2 

M14 61,595 11 .2 

USARSO XM16E1 14,566 6 E^ 

Mid 11,012 7 .6 

Тоса1 ХМ16Е1 215,020 529 2.5 


M14 212,614 155 -7 


' 
| 
| 

THE USAWECOM EVALUATION OF DRI-SLIDE | 
The USAWECOM Evaluation of Dri-Slide as a Lubricant for Small і 

Arms Weapons, Technical Report 66-2397, August 1966, was made "То 

determine whether the properties and use of Dri-Slide as described 


and claimed by Dri-Slide, Inc. are valid," and "to determine whether 


Dri-Slide is inferior, equal, or superior to small arms lubricants 


54 See Inclosure 6-2, Table 33, for detailed malfunction data. 
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authorized for use." 


in two conditions: 


tion was mot identified. 


Weapon 


M16 
M14 


M16 
M14 


M16 
M14 


M16 
M14 


M16 
M14 


Rounds 
Fired 


400 
800 


300 
600 


300 
713 


100 
200 


1,100 
2,313 


The reliability data reported were obtained 

by firings at ambient temperatures, under dusty conditions, under 

sandy conditions, and at low temperatures {-509Е) with the test weapons 

dry, and lubricated only with the lubricants being tested 


Standard issue M14 and M16 rifles "теге used but the ammuni- 


The reliability data contained in the report are tabulated 


Total 
Number 


0 
5 


63 
The data wre obtained from very limited firings from only 
three weapons, one M16 and two М14'5, under carefully controlled 


conditions: that is, the weapons were completely cleaned after 


See Inclosure 6-2, Table 34, for detailed malfunction data. 
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each 100 rounds. These reliability data are not directly comparable 
to any other tests conducted on the two weapons systems, and are 
useful only in the comparison of the performance of the systems in 
this test. 
SUMMARY 
The results of the SAWS tests during this period reveal a 
sharp rise in the overall malfunction rate of the ХМ16Е1, A 


summary of the test results is tabulated below. 
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` Table 6-7 — SUMMARY OF SAWS STUDY CYCLE OF TESTS, 1965 - 1966 


Malfunctions 
Rounds Tota Number per 
Test Weapon Fired Number 1,000 Rounds 
USATECOM ХМ16Е1 16,429 31 1.9 
Запиагу 1965 
ОЗАТЕСОМ ХМ16Е1 20,941 187 7.0 
March 1965 5 M16 
? 
| 08АТЕСОМ2/ | ХМ16Е1 95,720 1,269 13.3 
December 1965 M14 445,268 351 .8 
Springfield ХМ16Е1 328,000 4,524 13.8 
Armory 
January 1966 
Frankford ХМ16Е1 72,000 828 11.5 
Аг5епа1 &AR 15 
08АТЕСОМ2/ — xM16E1 59,845 2,197 36.7 
| March 1966 M14 146,394 1,064 7.3 
USACDCECS/ ХМ16Е1 437,692 3,291 7.5 
Мау 1966 M14 320,527 202 .6 
Springfield?’ хм16 127 : / 33,340 1,047 31.4 
Armory ХМ16Е1- . 34,320 151 | 4.4 
: 
USATECOMÉ/ | ХМ16Е1 45.820 432 9.4 
Мау 1966 
usacpch/ XMl6El 215,020 529 2.5 i 
June 1966 M14 212,614 155 27 ! 
| USAWECOM M16 1,100 3 2:7 i 
і August 1966 М14 2,313 63 27.2 i 
: Total—all ХМ16Е1 1,360,227 14,449 10.6 
| i tests M14 1,127,116 1,835 1.6 
8 USAIB SAWS Service Test. 
b D&PS SAWS Engineering Test. 
€ CDCEC SAWS Field Experiment. 
d A test of proposed buffers. 
T Firing cartridges loaded with WC846 (ball) propellant. 
А Е Firing cartridges loaded with IMR (CR 8136) propellent. 
8 А test of alternate propellants (IMR 8208M, WC846, IMR HPC 11). 
h 


CDCIA SAWS Troop Acceptability Test. - 


— MÀ 


Further analysis of the malfunctions by type indicates that almost 


64 percent of all malfunctions experienced in the 1,360,227 rounds 
fired were failures of the bolt to remein to the rear and failures 
to eject. The percentage of the total malfunctions experienced, 


by type, is shown below. 


Table 6-8 — SUMMARY OF MALFUNCTIONS BY TYPE REPORTED IN THE SAWS STUDY, 


1965 - 1966 
Malfunctions 
Percent Number per 

Type of Malfunction Number of Total 1,000 Rounds 
Failure to feeds“ 895 6.19 .66 
Failure of bolt to 

remain tc rear 4,734 32.76 3.48 
Failure to eject 4,512 31.22 3.32 
Failure to fire 1,236 8.55 „91 
Failure to extract 392 2.71 .29 
Bolt overrides the 

base of the round (a 

type of failure to 

feed) 1,020 7.0 „75 
Double feed 439 : 3.03 .32 
Broken parcP/ 78 .53 .06 
Failure of bolt to - 

с1овес/ 159 1,10 .12 
All others 984 6.91 .72 

Total 14,449 100.00 


Includes failure to feed first round. 
Includes defective part, inoperative part, and damaged part. 


Includes failure to strip round from magazine and failure to 
lock. 


` 
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The following points are worthy of note: 

The ХМ16Е1 rifles used for the majority of firings during this 
period were equipped with the old buffer and did not have chrome 
chambers. Of the ammunition fired, by far the greater part contained 
WC 846 (ball) propellant. The durability of the ХМ16Е1 was excellent. 
Only one-half of one percent of the malfunctions were attributed to 
broken, damaged, inoperative, or defective parts. 

During late 1966, the first reports of jamming rifles were 
received from Vietnam. Because of the treatment given it by the 
public press, the reported jamming was associated with a failure to 

i i extract. In the language of the soldier, however, jamming also 
included failure to eject, failure to feed, failure to fire, bolt 
overriding the base of the round, and double feeding. Although the 
failure to extract was only 2.71 percent,or one in every 3,470 rounds T 


fired, of ail malfunctions experienced in the tests, the jamming, 


as far as the soldier was concerned, would happen about once every 


MP 
ái 


160 rounds judging by test experience. In Vietnam, where cleaning 
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б 
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| material was lackin maintenance knowledge and training were meager, 
> 


and climate and terrain produced adverse conditions, jamming probably 
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occurred more frequently. 
New buffer designs for the ХМ16Е1 had been submitted and 
7-. partially tested іп ап effort to eliminate carrier bounce (and thus 


failure to fire caused by light strikes), and to reduce or eliminate 
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malfunctions induced by high cyclic rate, bolt overriding the base 
of the round, failure of the bolt to remain to the rear, and, to 
some extent, failure to eject and failure to extract. 

Consideration was also being given to chrome plating the 
chamber. 
Tests Since the SAWS Study, 1967-1968 

In the period following the Small Arms Weapons Systems Study, 
there have been seven tests which provided usable reliability data. 
These tests were conducted to determine the best lubricant for the 
М16А1 system and to examine proposed improvements. 

THE USAF TEST OF CHROME CHAMBERS 

The U.S. Air Force Marksmanship School Test of M16 Rifle : 
Barrels with Chrome Chambers (Project 38-67), April 1967, was conducted 
to "Test six M16 chrome plated chamber barrels for suitability, for 
reduction of rusting problems, and for adverse functioning effects." 
The test under adverse conditions was srecified: 

(1) Inundation in 5% salt solution at high heat 

level and high humidity, once at the beginning of the 

test (for 24 hours), and again for a longer period (for 

48 hours) after 10,000 rounds have been fired, 

(2) Cold test one time with two weapons (1 test, 

| 1 control) for 24 fours at 75 degrees below zero, and 
"A five weapons at this temperature, 


~~ All rifles were fired 200 rounds for barrel break-in before the 


adverse conditions tests were started. After exposure to adverse 


conditions, all rifles fired the first 2,000 rounds, without cleaning, 


The test concluded that the test rifles with the chromed chambers 
performed much better than the standard rifles without the chromed 
chambers. 

Ten standard М16 rifles were used, six of them refitted with 
chrome chambered barrels. No other modifications were made. The 


ammunition used was not identified. 


The reliability of the Ml6's was reported as follows: 294 
al functions 
Round s Total Number per 
Weapon Fired Number 1,000 Rounds 
M16 with chrome 65,780 133 2.0 
M16 without chrome 46,080 184 4.0 
Total 111,860 317 2.8 


The results of this test indicated a significant reduction in 
double feeding, failure to feed, and failure to extract in the 
rifles with the chrome plated chambers when they were tested under adverse 
conditions. However, the test also indicated an increase in parts 


attrition and failures to eject. The results of this test are not 


directly comparable to any other tests conducted. 
THE ARCTIC TEST OF LUBRICANTS 


The U.S. Army Arctic Test Center Engineer Design Test of 


Preservative Lubricants for Small Arms Weapons under Arctic Winter 


and Spring "Break Up" Conditions, 25 May 1967, was conducted to > 


56 Зее Inclosure 6-2, Table 35, for detailed malfunction data. 
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“determine the suitability of the test lubricants when applied to 
small arms weapons that are continuously exposed to and fired under 
Arctic winter and spring break-up conditions. . . ." The conclusions 
of the test were that the experimental lubricants A and B (modifica- 
tions of MIL-L-46000A) were best suited for use on small arms in 
that environment. The reliability data were collected during both 
automatic and semiautomatic firings under varying conditions of 
exposure to low temperatures (542 to -599,) and blowing snow, and 
during several consecutive days of firing without cleaning or lubri- 
cating. 

Ten standard М16А1 rifles with the new buffers and ten M14 
rifles were used in the test. The ammunition was not identified. 

The reliability data that were collected reported only "those 
stoppages attributable to poor lubrication" and the number of parts 
that were replaced on the weapons. Тһе data аге tabulated by kind 


of lubricant and totaled by the type of rifle 17 


57 See Inc losure 6-2, Table 36, for detailed malfunction data. 


6-99 


FOR GCL 


шаны 


= 


Ш IH rr ت ا کہ ا‎ A a یک س‎ a acu Sd a 


KWG ĩðV! RAS 


ЕТТІ 


1 
АД 


A 


5 
STU eapite 


————ü—ü—kV— | че 


SHEA Lh, 


"р 


—— —-— . — staan 


“ү тт; 
nmt 
ХЭЭ 


PTS 
Ado 


ИҚ 


Мэй 2 


ШТ p 


ANUS 
өні 


"m 


enim 40 amy ——— —„—-— . 


хайн ner gun 
нан. CZL UnLi 
. Malfunctions 
Rounds Total Number per 
LAW M16A1 17,110 180 10.5 
M14 16,813 44 2.6 
LSA M16A1 17,000 139 8.6 
M14 17,280 28 1.6 
A M16A1 16,871 80 4.7 
M14 16,992 31 1.8 
B М1641 17,280 116 6.7 
M14 16,257 39 2.4 
S/F М16А1 15,600 60 3.8 
M14 15,600 282 18.1 
Тога1-- а11 NI 6A1 83,861 575 6.9 
tests M14 82,942 424 5.1 


8 -Lubricant types: LAW = MIL-L-14107, a standard Arctic 
weapons lubricant; LSA = MIL-L-46000A, а semifluid, synthetic base, 
preservative lubricating oil (found best for use on the М16А1 above 
O°F — see USANECOM test of lubricants, June 1967); A = an experi- 
mental lubricant similar to LSA with the thickener omitted; В = ап 
experimental lubricant similar to LSA with the synthetic base fluid 
changed; S/F = MIL-L-46010A a resinbonded, heat-cured, solid film 
lubricant. 


If all malfunctions had keen reported, the malfunction rates 
of both weapons would have ђе . higher. It should be noted that 
the 74.3 percent of the reported malfunctions of the М16А1 were 


failures to feed, a malfunction which can often be attributed to the 


magazine. Of the total М14 malfurctions 65 percent were attributable 


to the failure of the bolt te closs fincludes failure to chamber and 


failure to lock; of that 65 percent, 40.5 percent were experienced 
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with two rifles in one subtest with one lubricant (3 days firin 


S/F lubricant). The test is considered a valid comparison of 
weapons performence under Arctic conditions. 


THE USATECOM TEST OF LUBRICANTS 


The USATECOM Military Potential Test of Weapons Lubricant, 
Technical Report 67-1380, June 1967 was conducted: "То investigate 
four lubricants (Dri-Slide, VV-L-800, NRL 4002-36, and MIL-L-46000A) 
on the М16А1 (ХМ16=1) rifle with regard to weapon functioning 


performance and corrosion resistance." In comparing the relative 


r^ 


merits of the lubricants, the rifles were subjected to standard 
adverse conditions tests (saltwater immersion, dust, mud, sand- 

drag, water spring (rain)) as well as a reliability test and a dynamic 
dust test. The test report concluded that MIL-L-460004, a standard 
automatic weapons lubricant, was superior to the other lubricants i 


tested for use with the M16351 rifi 
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One hundred and twenty-two production model М16А1 rifles with 
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the redesigned buffer were used in the test. 12 M14 rifles were 


fired only in the dynamic dust test; no data is shown for them. № 


ammunition was identified. 


The following reliability data were reported:28/ 


Malfunctions 

Rounds Total Number per 

Test Lubricant Fired Number 1,000 Rounds 
Adverse condi- Dri-Slide 14,874 793 53.3 
tions VV-L-800 15,219 829 54.5 
NRL 15,068 335 22.2 
MIL-L-460C0A 16,532 339 20.1 
Total 61,993 2,296 37.0 
Reliability Dri-Slide 50,260 2,007 39.9 
VV-L-800 50,300 1,611 32.0 
NRL 47,200 B57 18.2 
MIL-L-46000A 51,000 495 9.7 
Total 198,670 4,969 25.0 

Total — all 

firings 294,355 7,281 24.7 


The results of this test are directly comparable with previous 
adverse conditions and reliability tests conducted by the Development 
and Proof Services. Of the total malfunctions experienced in the 


adverse conditions tests, 78.1 percent were attributable to two 
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types of malfunctions: failure to feed, 41.1 percent, and failure of 


: the trigger to return, 37.0 percent. Failure to feed is usually 
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caused by the magazine, while the failure of the trigger to return 
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is normally a dimensions and clearance problen, and should be 


tal gah Hae W Pars u gila Л 


largely controlled or eliminated by quality assurance inspections. 
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In the reliability tests, failures to feed accounted for 53.9 percent 
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58 See Inclosure 6-2, Table 37, for detailed malfunction data. 


~ 6-102 Ы 


FOR OFFICIAL USE BLY 


rt. Ue — M — ы тел бо“ EE FATT RT — 


FOR ОН USE ONLY 


шы Uii. 
of the malfunctions, and failure of the trigger to return for 
33.4 percent. Since the experience rate of failures of the 
trigger to return was about equal in both tests, weakness in 
quality assurance inspections or perhaps a design deficiency is 
suspected, This type of malfunction is expected to occur in tests 


under adverse conditions of dust, mud, and sand much more frequently 
than in the reliability tests. 
“THY USATECOM MAGAZINE TEST 


The USATECOM (D&PS) Final Report on the Engineering Design Test 
of the 20-Round, Disposable Magazine, for the ML6Al Rifle, October 


1967, actually covered two engineer design tests. 


ТЕ objective of the first EDT was to provide 
a basis for low-risk selection of one or more designs 
which would then be subjected to a second EDT after 
all necessarv design improvements were made. The 
objective of the second EDT was to directly 
compare the durability and reliability of the test 
magazines with that of the standard 20-round 
metallic magazine for purposes of selection 
and limited-production procurement of a disposable 
type magazine if proven suitable. 


The aggregate goal of this program is the 
determiniation of overall comparability of the 
disposable and standard magazines which included 
durability, reliability, and cost. This report 
evaluates the technical aspects only; the cost 
factor is not considered. 

The reliability data were collected during firings under 


adverse conditions (dust, sand, mud, water immersion, high temperature, 


low temperature, and heat and humidity) and firings for function 
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and durability. The data presented here were collected on] y 
during the second EDT, since the first EDT was conducted to 
eliminate all but the most ptomising designs of the prototype 
magazines. 

Standard М16А1 rifles with the new buffer and 3. 36m ball 
cartridge M193, Lots LC 12124 and RA 5101 were used in the tests. 
The propellants were not specified. 


The following malfunctions were reported: 27 


Malfunctions 

Rounds Total Number per 

Test Magazines / Fi reg Numbe x 1,000 Rounds 
Adverse conditions 1-А 5,793 89 15.4 
5-В 3,632 188 51.8 
Standard 5,569 130 23.3 
Function and 1-A 2,400 17 7.1 
durability 5-B 2,400 31 ` 12.9 
Standard 2,399 16 6.7 
Totals 1-A 8,193 106 12.9 
5-B 6,032 219 36.3 
Standard 7,968 146 18.3 


Test magazine 1-А was designed Бу Limited War Laboratory; 
magazine 5-B was designed by Rock Island Arsenal; the standard 
magazine is the 20-round aluminum magazine currently issued. 


The actual malfunction rates experienced were higher than those 


indicated above because "The malfunctions and defects tabulated in 


(the) report are those chargeable against the test magazine." The 


59 See Inclosure 6-2, Table 38, for detailed malfunction data, 
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majority of the malfunctions reported for all magazines was in the 
category of failure of the bolt to remain to the rear: 1-A, 37. 
percent; 5-B 64.4 percent; and standard, 52.7 percent, The 


remaining malfuactions reported for all magazines were failures to 
feed of various types (BOB, DF, FF, FF-1, and SR). 
THE USACDCEC IRUS TEST-PHASE I 


The USACDCEC Report on the Reliability of the M16Al Rifle 
During Phase I of IRUS 70-75 Field Experimentation, 3 November 1967 


was another test report that furnished usable data. In the words 


of the report: 


IRUS 70-75 was designed to provide data that 
would assist in the determination of the doctrine 
of the employment and detailed organization of U.S, 
Army small infantry units during the 1967 to 1975 
time period. Collection of weapons reliability data 
was incidental to the main purpose of the experiment. 


The reliability data were collected during live firing, tactical 


attack and defense exercises, both day and night, using infantry 


— нэ. ше 


units of varying sizes. 

New production model М16А1 rifles with new buffers were used 
in the experiment, The following lots of 5.56mm ball, М193, 
ammunition loaded with WC 846 (ball) propellant were used: 

FC 1829 FC 1831 FC 1836 RA 5187 

FC 1830 FC 1832 RA 5123 RA 5189 


Only one lot of 5.56mm tracer, M196 — RA 5019 loaded with IMR 4475 


OE PLE CAR NC um E жашымы a oem EIE 


propellant — was used. 


The reliability data were reported аз follows: 60/ 


Malfunctions 
| Rounds Total Number per 
Firing Program Fired = Number = 1,000 Rounds 
4 to 9-Man program 300,335 384 1.27 
5-Man program 118,192 173 1.46 
Special program 90,385 141 1.56 
Total 508,912 698 1.37 


As indicated above, the primary purpose of the experimentation 
was not the collection of weapons reliability data, and therefore, 
some malfunctions probably escaped detection and reporting. The re- 
sults of this experiment indicated a high percentage of failure to 
extract malfunctions, 27.4 percent of the total, The most frequent 
malfunction experienced was double feed, 35.7 percent of the total, 
which can be attributed primarily to the magazines, The 30-round, 
nonstandard, magazines were originally procured in 1965 for use in 
the SAWS field experimentation, and had been used continually since 


that time, Another 15.5 percent of the malfunctions were of the 


failure to feed type (BOB, BUB, and FF) which can also be partly 


attributed to magazines. 
THE APG TEST OF CHROME CHAMBERS 


The Aberdeen Proving Ground "Letter Report of the Initial Pro- 
duction Test of Chrome Plated Chambers for М16А1 Rifles," 20 Decem- 


ber 1967, provided usable data, Its purpose was "to determine 


60 рог detailed malfunction data, see Inclosure 6-2, Table 39. 
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the relative performance levels of chrome plated and non-plated 
chambers when subjected to selected adverse conditions and extended 


firings under temperatures of 60° + 10°F." The selected adverse 


, conditions included static dust, dynamic dust, saltwater immersion, 
and high temperature and humidity tests. A 10,000-round function 
and durability test was also conducted, using three chrome chambered 
rifles. 

| Production model М16А1 rifles, five with chrome plated chambers 


and two without, were used; all weapons had the new buffer. А11 


firing was conducted with M193 ball cartridges loaded with WC 846 
(ball) propellant. The lot numbers were not identified. 


The following reliability data were reported: B/ 


1 
4 
3 
3 
a 
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1 
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і 
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Hal functions 
Rifle Ro Total Numb е 
Test Configuration 1 Number 1,000 Rounds 
Static dust w/chrome 1,000 34 34.0 
w/o chrome 1,000 41 41.0 

3 | Dynamic dust w/chrome 3,640 53 14.6 H 
w/o chrome 3,423 62 18.1 | 
| Ë 
: Saltwater w/chrome 360 0 .0 | 
immersiona/ | 
i 
Heat and iB 
humidity w/o chrome 360 2 5.6 | 
' Ë 
| Total adverse Ë 
conditions w/chrome 5,000 87 17.4 р 
w/o chrome 4,783 105 22.0 || 
Ë 
Function and Ë 
durability w/chrome 30,000 59 1.96 E 
2 8 Failures to extract were the only malfunctions to be reported. Ë 
li 61 For detailed malfunction data see Inclosure 6-2, Table 40. i 
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Of the 59 malfunctions reported in the function and durability 
test, 29 or 49.2 percent were failure of the bolt to remain to the 
rear, and 15 or 25.4 percent were 
There were no failures-to-extract 


ing 30,000 rounds in three chrome 


tion and durability test. 


The USATECOM (D&PS) Final Report on Product Improvement Test 


of Redesigned Buffer for М16А1 Kifles (DPS-2662), January 1968, had 


THE USA ТЕСОМ BUFFER TEST 


as its objectives: 


a. 
old and 


b, 
the old 


с. 
old and 


The reliability data were collected during firings for cyclic 
rate, adverse conditions (including high humidity, high temperature, 
° low temperature, dynamic dust, and saltwater immersion), fouling, 
extreme attitude functioning, and accelerated rate. 
Standard production model M16A1 rifles were used, alternating 
the old and new buffers in the weapons and firing with ball and 
tracer ammunition loaded with both IMR (CR 8136) and ball (WC 846) 


propellants, The ammunition used in the tests was: 62/ 


M193, ball, Lot LC12177 (40846, ball, propellant) 
M193, ball, Lot TW18166 (CR8136, IMR, propellant) 


` (IMR) propellant. 


To 
new 


To 
and 


To 
new 


compare cyclic rates of fire using the 


buffers. 


compare bolt rebound upon closing, using 


new buffers. 


permit a comprehensive evaluation of the 
buffers in the M16Al rifle. 


ie 62 Three М16А1 rifles were fired in a special firing test using 
ball and tracer ammunition loaded with both WC 846 (ball) and 8208M 
That data is not included in this summary. 
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failure of the bolt to close. 
malfunctions experienced in fir- 


chambered rifles during the func- 
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M196, tracer, Lot 1512081 (40846, ball, propellant) 
M196, tracer, Lot TW18001 (CR8136, IMR, propellant) 


The reliability data reported are tabulated below: 63/ 


Malfunctions 
Rounds Total Number per 
Test Buffer Ammo Propel Fired Number 1,000 Rounds 


All except Standard Ball ІМК 12,470 818 14.5 
saltwater Ball Ball 12,470 271 21.7 
immersion Tr IMR 12,365 226 18.3 
Tr Ball 12,365 240 19.4 
Redesigned Ball IMR 12,470 226 18.1 
Ball Ball 12,470 57 4.6 
Tr IMR 12,365 188 15.2 
Tr Ball 12,365 227 18.4 
Saltwater Redesigned Ball IMR 900 35 38.9 ; 
immersion Ball Ball 900 57 63.3 | 
Tr IMR 900 46 51.1 : 
Те Ва11 900 23 25.6 | 


The results of this test indicate that the new ог redesigned 
buffer, firing the optimum ammunition mix of ball propellant with i 
ball projectiles and IMR propellant with tracer projectiles in a 
4 to 1 ratio, achieves approximately a 45 percent reduction in total 
malfunctions over the old or standard buffer, firing its optimum аш- 
munition mix of IMR propellant in both ball and tracer cartridges 
in a 4 to 1 ratio. 

The most significant reduction was achieved by the redesigned 
buffer in failures to feed (FF, BOB, FF-1, DF) malfunctions, Re- 


ductions in failures to extract and eject were also evident, but 


not in significant numbers. The results further indicate that the 


63 For detailed malfunction data, see Inclosure 6-2, Table 41. 
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current armunition loading restrictions of only IMR propellant in 


tracer and only ball propellant in ball ammunition will provide the 


Do 


best operational reliability for the М16А1 in its current configuration. 
SUMMARY 


The results of the tests conducted since the SAWS Study during 
1967 - 1968 indicated a significant decrease from 10.6 during the E 
1965-66 period to 3.9 in the overali М16А1 malfunction rate. А sum- 


mary of the test results is shown in Table 6-9, 


Table 6-9 — SUMMARY OF TEST RESULTS, 1967-1968 


__ Malfunctions ____ 

Rounds Total Number per 
Test Weapon Fired Number 1,000 Rounds E 
USAF М16А1 111,860 317 2.8 | 
April 1967 Í 

USA Arctic Test Ctrà/ M16A1 83,861 575 6.9 

May 1967 M14 82,942 424 5.1 
USATECOMÊ/ М16А1 67,832 833 12.3 : 
June 1967 : 
UsATECOMC/ М16А1 7,968 146 18.3 = 
October 1967 E 
usacpcecd/ M16Al 508,912 698 1.4 Ё 
November 1967 Ё 
USATECOME/ М16А1 35,000 146 4.2 | 
December 1967 - | 
ОЗАТЕСОМЕ/ М16А1 49,660 698 14.1 | 
January 1968 E 
Ë 
Total — all tests M16A1 865,093 3,413 3.9 it 
M14 82,942 424 5.1 E 
Е 
а Arctic lubricants test, data includes performance under ad- le 
verse Arctic conditions using all test lubricants, | 
b Lubricants test, data is only for malfunctions occurring E 
while LSA (MIL-L-46000A) lubricant was used. 3 
€ Magazine test, data is only for malfunctions occurring while Ë 
standard 20-round magazine was used, is 
4 Field experiment, field firings similar to SAWS, using the Е 
М16А1 with the new buffer (no chrome chamber). E 
€ Chrome chamber test, data is only for malfunctions occurring Е 
while chrome plated chambers were used. ` Е 


f Buffer test, data is only for malfunctions occurring while 
the new buffer was used. 
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Analysis of the malfunctions by type indicates that various 


types of failure to feed malfunction (FF, FF-1, DF, BOB, FBC, and 
BOB) accounted for 60.68 percent of а.! malfunctions in firing 

865,093 rounds. The percentage of tctal malfunctions experienced, 
by type, is shown in Table 6-10. 3 


Table 6-10 — SUMMARY of MALFUNCTIONS BY TYPE, 
1967 - 1968 


Percentage 
Type of of Total Occurrence per 
Malfunction Number Malfunctions 1,000 Rounds 
Failure to Еееда/ 1,464 42.89 1.69 


Failure of bolt to remain 
to rear 135 3.96 .16 


Failure to eject 182 5.33 .21 
Failure to fire 131 3.84 .15 
Failure to extract 338 9.90 .39 


Bolt Overri es the base of 
the оча 212 6.21 „25 


Double feed 264 7.74 .31 
Broken part¢/ 130 3.81 .15 
| Failure of bolt to closed/ 131 3.84 15 
All other malfunctions 426 12.48 .49 


Totals 3,413 100.00 


Includes failure to feed first round. 
Includes bolt underrode the base of the round 


Includes defective part, inoperative part, and damaged part. 


мао сто 


Includes failure to strip round from magazine and failure to 


у The following changes in malfunction rates from those experienced 


` - 


during the 1965-1966 period are worthy of note: 
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There was a significant increase in the rate of failure to feed 
malfunctions from .66 per 1,000 rounds to 1.69. 

There was a significant reduction in the malfunction rate of 
failure of the bolt to remain to the rear — from 3.48 per 1,000 
rounds to .16; failure to eject — from 3.32 per 1,000 rounds to 
.21; and failure to fire — from .91 per 1,000 rounds to .15. 

Incidents of failure to extract increased slightly, from 
„29 per 1,000 rounds to .39. 

On the whole the M16 rifle system showed improved reliability 
with the adoption of LSA lubricant, the new buffer, and the 
chrome plated chamber. 

Vietnam Reports on the Reliability of the М16А1 Rifle, 1967 - 1968 

The М16А1 (ХМ16Е1) rifle was introduced in significant numbers 
into Vietnam with the Е U.S. Army ground combat units (173d 
Airborne Brigade and ist Brigade, 1015: Airborne Division) which 
were deployed there in the spring and summer of 1965. During the 
rest of 1965, there were no reports to Headquarters, Department of 
the Army, that the troops were having problems with the reliability 
of the rifle. There were two principal reasons for the early 
lack of complaints. First, the units that had the weapon were 
well-trained in its use and maintenance ,62/ The airborne units, for 


example, were issued the ХМ16Е1 a year or more before they went to 


64 See Appendix 3 for information on training. 
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Vietnam, and had the necessary cleaning materials on hand when 
they arrived, Second, the troops were not engaged in extensive 
operations during their first months in Vietnam and therefore 
had more time for maintenance, 

In late 1965, COMUSMACV requested that all U.S. maneuver units 
be equipped with the ХМ16Е1 rifle,$3/ All available weapons were 
shipped within a few weeks, and additional procurement was initiated SS 

The first indication of problems with ХМ16Е1 reliability was 
contained in a message from 0,5, Army, Vietnam, requesting priority 
airlift of cleaning rods, and voicing an urgent need for a chamber 
cleaning brush. The message stated in part: 

In light of recent reports from the field 

of malfunctions attributable to lack of cleaning 

equipment necessary to remove carbon which accumu- 

lates in the chamber, an urgent requirement exists 

for the chamber brush, , . . 
During the spring and summer of 1966 ХМ16Е1 rifles were issued tc other 


USARV uníts аз fast as they were produced. Because of the increase 


in the number of rifles and the increased combat activity of the 


65 уду Msg 42787, 6 Dec 65, 


66 See Appendix 5 for procurement and distribution. 


i USARV Msg, AVD-MD 03087, 8 Feb 66, to CG USAVECOM. 
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U.S. units, the USR? supply of cleaning materials evidently became 
critical, for in September 1966 the Ist Logistical Command requested 
the airlifting of 50,000 cleaning rods and 50,000 bore brushes as 
Soon as possible.98/ 

In October 1966, the problems with the ХМ16Е1 Кад become seri- 
ous enough to prompt USARV to initiate training, maintenance, and 
inspection programs in Vietnam and to request a technical assistance 
team from USAWECOM, Further, the technical team was requested to 
bring a supply of repair parts vith ir 69/ The team was dispatched 
immediately, On 30 October 1966, the team chief forwarded an in- 
formal report to the Project Manager, Rifles, confirming the exis- 
tence of the problems previously reported in training, maintenance, 
and the availability of cleaning materials and spere parts. 07 Al- 


though no statistics were developed in Vietnan cr the reliability of 


the rifle during late 1965 and 1966, it was quite evident that a sig- 


nificant number of malfunctions were occurring. The most significant, 


the most difficult to clear, and the one that received the most pub- 


licity was failure to extract. 


The maintenance assistance and instruction given to almost every ma- 


jor Army unit in Vietnam by the technical assistance team,and the result- 


ing improvement in maintenance, together with the provision of more 


68 ist Log Comd Msg AVCA GL-M 09660, 26 Sep 66, to CG USAWECOM. 
69 WSARV Msg, AVHGD-MD 29518, 11 Oct 66, to CINCUSARPAC, 


70 Team Chief to The Project Manager, Rifles, 30 Oct 66. 
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maintenance materials and the introduction of the new buffer 
significantly improved the reliability of the М16А1 in the Arny 
units during the period January - June 1967. 

During the spring of 1967, the U.S. Marine Corps issued the 
XM16El rifle to its combat units in Vietnam. The Marine Corps was 
Soon plagued with the same reliebility problem, primarily because 


of inadequate training in the maintenance of the weapon 


— . Miei inh ld ir ГЫ; 


and an insufficient resupply of maintenance materials, particularly 
cleaning rods and chamber brushes. The commander of III Marine 


Amphibious Force had been offered the use of the USaWECOM technical 


assistance team on 22 November 1966 by the Project Manager, Rifles, 
but had refused the offer. A/ 

The technical assistance team returned to the continental 
United States in late November 1966, but was again dispatched to 


67 t 


Vietnam early in 1967 to follow up on training in the maintenance 
of the rifle. The team found that the maintenance of the weapon 
and its reliability had improved considerably, although the failure 
to extract malfunction continued to be a problem. During this trip, 
the team chief recommended that consideration be given to chrome 
plating the chamber of the М16А1 rifle to preclude rust, inhibit 
corrosion and pitting, and facilitate cleaning. The recommendation 


was adopted, and beginning in September 1967, all rifles and all 


replacement barrels were produced with chrome plated chambers. 


71 Statement by The Project Manager, Rifles, ORDC, 8 Jan 68. 
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The only detailed malfunction data reported from Vietnam has 
b:en collected by the III Amphibious Force. Beginning in June 1967, 
the III Amphibious Force initiated a biweekly malfunction report 


on the М16А1 rifle. although many of the malfunctions occurring 


1:22: 


were probably not reported because of the difficulty in assembling 


such information in combat, іс is the only data available./2/ 


иг 


Total 


(19 Nov 67 - 


15 Feb 68) 


a 


72 


w/o chrome 


w/ chrome 
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9,471,135 


210,250 


10,551 


78 


| 
: Table 6-11 — U.S. MARINE CORPS М16А1 MALFUNCTIONS IN VIETNAM | 
Malfunctions | 
Number of Number Total Number per | 
Time Period M1651's Rounds Number 1.059 Rounds ! 
13-30 Jun 67 23,600 Unknown 803 - | 
1-13 Jul 67 23,600 Unknown 132 = | 
14 Jul - 10 Aug 67 23,500 Unknown 272 - | 
19-30 Хоу 67 40,157 2,132,752 2,653 1.243 | 
1-15 Dec 67 43,177 1,551,369 3,629 2.339 | 
16-31 Dec 67 41,8052/ 1,507,612 1,514 1.004 | 
3.79527 39,750 22 .553 
1-15 Зап 68 41 ,033а/ 1,350,765 1,088 .805 
3,8388/ 84,600 45 .532 
16-30 Jan 68 39,416а/ 1,498,511 834 .556 
3,9590/ 37,800 6 .159 
1-15 Feb 68 40,3982/ 1,430, 126 833 .582 
3,3990/ 48,100 5 .104 


-371 


Ml6Al's without chrome plated chamber, but with new buffer. 


5 Mi6Al's with both the chrome plated chamber and the new buffer. 


For detailed malfunction data, see Inclosure 6-2, Table 42. 
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Since 19 November 1967 the Marine Corps has been reporting 
only five types of malfunctions — failure to feed, failure to fire, 
failure to eject, failure to extract, and ruptured cartridges be- 
cause of the difficulty of collecting information from units in 
combat, The malfunction rates shown in Table 6-11, therefore, are 
lower than the actual rates experienced., The percentage of total 
malfunctions reported, by type, and the occurrence per 1,000 rounds 
are indicated in Table 6-12, Only the occurrence per 1,000 rounds 
is comparable to other data previously presented. 

Table 6-12 — VIETNAM REPORTED MALFUNCTIONS BY TYPE 
Percentage 


Type of of Total? Occurrence per 
Malfunction Number Malfunctions 


1,000 Rounds , 
Failure to feed 2,938 27.64 .303 
Failure to eject 1,249 11.75 ‚129 
Failure to fire 636 5.99 .066 


Failure to extract 5,570 52.40 „575 


Ruptured cartridgeb/ 236 2.22 .024 
Totals 10,629 100.00 


2 The percentage indicated is that of cotal malfunctions 
reported as opposed to total malfunctions experienced. 


b Ruptured cartridge as reported by the III Marine Amphibious 
Force is not the circumferential rupture described in Inclosure 1, 
but a rupture of the cartridge case at the base, usually resulting 
in an expanded receiver (or a blow-up) of the weapon. This malfunc- 
tion is almost always due to an obstruction in the bore (a bullet, a 
Section of cleaning rod, sand, water, mud, or other foreign substance). 
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With the exception of failures to extract, the occurrence 


rate per 1,000 rounds, for all malfunctions reported, is lower than 
that experienced in testing. 
The Panama Test, January 1968 

The most recent, and probably most valid reliability test of 
the М16А1 weapon system in the hands of troops, was conducted іп 
Panama by the U.S, Marine Corps under the direction of the Weapons 
Systems Evaluation Group (WSEG), Office of the Secretary of Defense. 

This test was initiated as a result of a recommandation con- 
tained in the House Armed Services Committee Special Subcommittee 
on the M16 Rifle Program Report of 19 October 1967. 

In response to Chairman Ichord's recommendation: 

that the Department of Defense direct and expe- 

dite a thorough and objective test by an independent 

organization of the weapon system consisting of the 

modified rifle and the ammunition in Vietnam, as weil 

as both types of propellant currently being loaded in 

5.56mm Е 
the Director of Defense Research and Engineering (DDRE), on 20 
November 1967, designated WSEG as the executive agent for conduct- 
ing an operational reliability test of М16А1 rifle system. WSEG's 
responsibilities included establishing test conditions and pro- 


cedures, monitoring the test, reducing test data, evaluating test 


findings, and preparing the final report. l4/ 


73 Page 5370, Rpt of the Special Subcommittee on the М16 Rifle 
Program, House Armed Services Committee, 19 Oct 67, p. 5370. 


74 DDRE Memo, 20 Nov 67, sub: Simulated Combat Test of the M16 
Rifle System, 
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The DDRE memorandum assigned the U.S. Marine Corps responsi- 
bility for execution of the test and for obtaining weapons, ammu- 


nition, other materiel, and personnel. The Department of the Army 


| 
i 


was directed to furnish materiel, test facilities, and other assis- 


tance, The М16А1 rifle system test plan, published by WSEG on 29 
December 1967, provided for conducting the test ia the Canal Zone, 
Panama, during the period 6-26 January 1968. 
Objectives of the test were: 
1. Using 5.56mm ammunition of the types now used 
in Vietnam, that is, loaded with both ball (WC 846) 
and IMR propellants 
Determine the malfunction rates of the М16А1 
rifle configured with the new buffer assembly and 


chromed chamber; 


and determine the malfunction rates of the М16А1 
rifle configured with the new buffer assembly. 


2. Determine the malfunction rate of the M14 
rifle system. 


3. Analyze and compare the preceding malfunction 
rates. 


4. Identify for each rifle system and config- 
uration the types of malfunctions that occur and the 
environment and conditions under which they occur. 
Data were obtained by controlled field testing in the Canal 


Zone, Panama, during the period 9-25 January 1968. То provide wea- 


pon exposure similar to that of Vietnam, four separate environmental 


areas were used representing (1) saltwater and sand, (2) muddy 


water and swamp, (3) rain forest, and (4) dust, and simulated uplands. 


Four fifty-six man platoons of Marine riflemen conductcd realistic 
combat maneuvers and rifle firing for three consecutive days in 
each area, rotating through all four environments. 

The main test employed three types of rifles: 96 MI6Al's 
with the new buffer and chromed chamber; 96 M16Al's with the new 
buffer but no chromed chamber, and a control group of 96 M14 rifles. 
All were selected at random, the ML6Al's from new, and the Mi4's from 
reconditioned stocks. One half of each type of М16А1 rifles fired 
ammunition loaded with ball (WC 846) propellant throughout the test; 
the remaining half fired ammunition loaded with IMR 8208M propellant. 
The Ml4's fired ammunition with ball propellant. Firing modes were 
controlled with one half automatic, the other semiautomatic. One- 
half the magazines were loaded to the 20-round capacity, the other 
half to 18 rounds. Two cleaning schedules were followed for the 
main test, each applicable to one-half the rifles by type, and for 
the М16А1, further applicable to one-half, by type of propellant. 
One schedule directed cleaning at noon each day after firing 240 
rounds and again at night after an additional 240 rounds had been 
fired. The other specified cleaning only at noon each day after 
а total of 480 rounds had been fired. Loaded magazines were carried 
by the riflemen and exposed to the same environmental conditions 
as the rifles; however, the magazines were cleaned and loaded by 
a special ammunition detail throughout the test to insure positive 


control of ammunition types. It is believed that failure to feed 
malfunctions would have been more frequent if the riflemen had been 


required to maintain and load their own magazines. 
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Principal Findings. The malfunction results from the WSEG tests 
are tabulated below. The operational reliability of the М16А1 
with IMR 8208M propellant was found to be significantly less than 
with ball (WC 846) propellant.22/ 


М16А1 Malfunctions 
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Propellant 


Weapon Ball and IMR 
Configuration Ball IMR Combined 
Chrome chamber 582 1,198 1,780 
Unchromed chamber 482 1,419 1,901 

Total 1,064 2,617 3,681 
Rounds fired 544,271 543,864 1,088,135 


М16А1 Malfunction Rates рег 
1,000 Rounds Fired 


Propellant 


Weapon ` Ball and IMR 
Configuration Ball IMR Combined 
Chrome chamber 2.14 4.40 3.27 
Unchromed chamber 1.77 5.22 3.49 

Total 1.95 4.81 3.38 
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As а means of comparison, the М16А1 with WC 846 ball propellant Н 


experienced 1.95 malfunctions рег 1,000 rounds fired, whereas the 
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control М14 rifles experienced 1.40 malfunctions per 1,000 rounds. 
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The report found this difference to be significant. 


ide Muss 
е Қа VEM) $ 23 


i 


НЕ 


75 "Significantly" is used here and elsewhere in this section 
in the statistical sense. Results are "significantly" different if 
the likelihood, or probability of their being obtained by chance is 
very small - usually five or fewer chances out of a hundred. 
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The differences іп М16А1 operations reliability among weapons 


firing ball propellant and those firing IMR were significantly 
smaller in the second half of the test than they were in the first 
half due to a reported change in cleaning emphasis. 

Test personnel were required to clean the firing pin well in 
the bolt to reduce " eliminate failures to fire caused by carbon 
buildup which restricted movement of the firing pin and induced 
light blows on the primer. 


Malfunction Rates per 
1,000 Rounds Fired 


Weapon First Half of WSEG Test Second Half of WSEG Test 
Configuration Ball IMR Ball iMR 
Chrome chamber 2.29 5.25 1.99 3.56 


Unchromed chamber 1.57 7.54 1.97 3.90 
For both types of propellant, the operational reliability differences 
between chromed and unchromed chambers were statistically significant 
in the first 12 of the 24 firing periods, and not significant in the 
Second 12 periods. Possible reasons for this phenomenon are not 
presented in the report. 

Аз a function of exposure in beach, swamp, rain forest, and 
upland environments, the operational reliability of the M16Al using 
IMR 8208M propellant is characterized by large fiuctuations vithin 
and between environments. The М14 showed the least fluctuation, 
followed closely by the М16А1 using ball propellant, The fluctua- 


tion among environments is tabulated below. 
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Malfunction Rate рег 


1,000 Rounds Fired 


М16А1 
Environment Ball IM M14 
Beach 3.00 8.37 1.93 
Swanp 1.64 4.59 1,10 
Rain forest 1.40 2.98 1,10 
Uplands 1.78 3.32 1.47 


A downward time trend in М16А1 malfunctions using IMR propellant 
was observed, and major fluctuations within a given environment 
could usually be associated with unusual environmental conditions, 
such as high seas and wind at the beach site. 

For all rifle systems under test, the mal function rates 
experienced in the automatic fire mode were significantly higher 
than those experienced in the Semiautomatic mode. The following 
data are relevant: 


Malfunction Rate per 


1,000 Rounds Fired 
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М16А1 
Firing Mode Ball IMR Tracer 
Automatic 2.11 6.45 1.67 
Semiautomatic 1.79 3.04 1.11 


As of 15 March 1968, the detailed WSEG data were not available to 
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т 
ЦЭР 7 


the Army for further determination of any significant correlation 


of operational reliability between modes for fire, on the one hand, 


and chrome or unchromed chambers, on the other. 
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The WSEG report comments on the two major recent improvements 
to the М16А1 system, the new buffer and chromed chamber, but does 
not address other rifle modifications, 

All М16А1'5 were equipped with the new buffer; therefore, no 
comparison with the original buffer can be made. No difference 
was found in the functioning of rifles factory-equipped with the 
new buffer and those fitted in the field 26/ 

In the test, 96 М16А1!5 had chrome plated chambers and 96 did 
not. The comparative malfunction results were mixed and are not 
clearly understood at this time. Chrome chambered М16А1!5 firing 
ball propellant had significantly more total malfunctions than those 
with the unchromed chambers, Chrome chambered M16Al's firing IMR 
propellant had significantly fewer total malfunctions than those 
with the unchromed chambers. 
Two advantages of the chrome chamber were statistically sig- 
nificant. First, the М16А1'5 without chromed chambers had more 
` malfunctions when cleaned after alternative firing periods than | 
when cleaned after each firing period. On the other hand, the : 
malfunction rate of chrome chambered M16Al's was the same for both i 
cleaning schedules. Second, failures to extract were twice as 
frequent in M16Al's with unchromed chambers as in M16Al's with 


је chromed chambers, 


76 This result, contained in the published WSEG report, has sub- 
sequently been modified orally by statements to the effect that there 
was a significant difference. As of 15 March 1968, detailed data was 
not available to the Army for the purpose of verifying this conclusion. 
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The test results provide information on the relative frequency 
and severity of various malfunctions; however, engineering analysis 
is required to determine the cause of and correction for these 
malfunctions. The following are especially significant: 

Total М16А1 malfunctions, by type, for both ball and IMR 
propellants were as shown below. Approximately 544,000 rounds were 


fired with each propellant. 


Type of Number of Malfunctions Occurrence per 
Malfunction Ball IMR Total 1,000 Rounds 
Failure to feed 150 1641 1791 1.65 
Failure to chamber 91 360 451 41 


Failure of bolt to 
remain at rear after 


last round 49 344 393 .36 
Failure to eject 280 15 295 .27 
Failure to fire 184 82 266 2 
Failure to extract 125 53 178 .16 
All others 185 122 307 .28 
| Тоса1 1,064 2,617 3,681 | 


ОҒ those М16 malfunctions indicated above requiring armorer i 
i 


assistance to clear, the occurrence by type was: ШЕ 


Туре оЁ Number of Malfunctions Occurrence per 
Malfunction Ball IMR Total 1,000 Rounds 


Failure to feed 1 22 23 .021 
Failure to eject 20 0 20 
Failure to fire 10 6 18 
` Failure to extract 7 3 10 
~ Failure to chamber 5 8 
All others 9 16 


Total 48 45 93 
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Failure to extract is generally regarded as the most serious 
of the common М16А1 malfunctions. Yet, in the WSEG test, 67 per- 
cent of all failures to extract were corrected by immediate action 
on the part of the firer without field stripping or the use of tools. 
27 percent were corrected by the firer without using special tools 
but only a cleaning rod or other aid normally available to him. 
Only 6 percent required armorer assistance. 

WSEG was the first to report a predominance of failures to 
eject 27/ While 83 percenr of the failures to eject were imme- 
diately cleared by the firer, 7 percent required the attention of 
an armorer % The high incidence of failures to eject suggests 
the need to examine the ejection pattern of the M16A1. 

The M16 Review Panel!s examination of the WSEG report and the 
statistical analyses fncladed in the report suggests the following 
hypothesis: The M16Al weapon system is particularly sensitive to 
changes in operating energy levels. Many of the WSEG results sup- 
port this hypothesis, and none refute it. Significant data are 


available for a plausibility argument for the hypothesis, although 


77 Many of which are spinbacks — the cartridge case ejects but 
is tipped in clearing the weapon so as to "spin" back into the ejec- 
tion port and block the forward movement of the bolt and bolt carrier. 


78 Only 4 ejection springs were replaced оп the 192 MI6Al's 
under test, each of which fired about 6,000 rounds, 
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proof must await engineering work by USAWECOM and USATECOM, The 
following points are pertinent: 

1, М16А1!5 with the new buffer and firing ball propellant am- 
munition had about one-third the malfunctions experienced by those 
firing IMR propellant, which develops lower energy levels and re- 
sults in cyclic rates which approach the lower allowable limit. 

2. Pretest firings of the M16Al's shipped direct from the 
factory showed malfunction rates significantly higher than those 
subsequently observed in the test, especially with IMR propellant. 
This change in malfunction rate is attributed to the "wearing-in" 
of the operating parts, and implies sensitivity to initially higher 
coefficients of friction. 

3. For magazines loaded with both 18 and 20 rounds, using 
both IMR and ball propellants, most malfunctions occurred on the 
first or second rounds. The first round feeding cycle has energy 
from the action spring release of the bolt, and the second round is 
powered by energy from firing the first round, in this test a tracer 
round, with a lower charge than a ball round. Also, the frictional 


forces impeding the forward motion of the bolt carrier are greater, 


with a full, or nearly full, magazine. A detailed analysis of the WSEG 


data is required to determine the correlation between automatic and 


“semiautomatic fire and the number of malfunctions on the first and 


6-127 


р 
ТИ чан Ио + D 
шинээ re воз тан nee же а ena. тала ИН ИШ ГТ нее o зс эй 


iig natibus fi REK dito n emunt rm 


gine |a, Aum nin ium а» am 


sumet 
miji 


Ул еді д, 


ТУО 


TM 


ШЙ 


— Y HP лалым 


ДМ ҮТ! 
ДЭЛ үтү 


ШШ 


second rounds in the magazines. The fcllowing is а tabulation of 


data on the percent of malfunctions by round number in the magazine 


Round Number Percentage of Malfunctions 

in Magazine Ball Propeliant ІМЕ Propellant 
First 23 12 
Second 13 25 
others“ (3 to 20) 4 4 


Average percent of malfunctions for each remaining round. 


Detailed anlysis of weapon functioning and of the specific types 


of malfunctions that were predominant when the first or second rounds 
were fired is necessary to provide an understanding of the performance 


phenomenon revealed in the above data. 


4. When IMR propellant is used the malfunction experience 


varies among Ml6Al's significantly more than when ball propellant 


is used. This fact suggests that marginal energy levels are developed 


with IMR propellant when the new buffer is used. 


5. With the chrome plated chambers, which presumably reduce 


the frictional forces impeding cartridge case extraction, the use of 


ball propellant resulted in a hig'.er overall malfunction rate 


but lower failure to extract rate than that experienced with ball 


propellant and the unchromed chamber. The IMR propellant and 


unchromed chamber combination had more malfunctions than any other 


propellant and chamber combination. Thus М16А1 functioning also 
seems extremely sensitive to increased, as well as decreased, 


operating energy. 
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6. In each environment (beach, rain forest, swamp, and 


uplands), М164115 using IMR propellant had more malfunctions and 
greater variance of the malfunction rate between firing periods 
than did №16А1'5 with ball propellant. This fact suggests the 
sensitivity of the M16Al system to energy levels. 

More detailed compilations of the malfunction data recorded 
in the WSEG report are presented in Inclosure 6-2, Tables 43 
through 48.221 The tables show data for different propellant and 
chamber finish combinations by severity and type of malfunction. 
The malfunctions encountered in the WSEG test were grouped into 


three categories according to relative severity. 


Category I — Malfunctions which were corrected 
by immediate action on the part of the firer. The 
immediate action taken was appropriate to the type of 
weapon and included manually operating the bolt or 
withdrawing a spent case with the fingers, but did 
not include field stripping and did not require the 
use of tools. 


Category 11 — Malfunctions which could not 
be corrected by Category I action, but were corrected 
in the field by the shooter by field stripping and 
cleaning, lubricating, or minor adjustment without 
the use of tools (other than a cartridge or other 
aid normally available to the firec). This category 
did not include second echelon level work, but 
included actions which the riflemen could take 
during a temporary respite in combat. 


79 usgc Report 124, Operational Reliability Test, М16А1 Rifle 
System, Feb 68. 
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Category ПТ — Malfunctions which could not 
be corrected by Category I or Category II action, 
but which were correctable by an armorer with tools 
ard parts. 


Malfunctions for М16А1'5 firing both ball and IMR propellants 


22 


by type of malfunction and category are shown in Inclosure 6-2, 
Table 43. The frequency of particular malfunctions is shown for 
each category, as well as the distribution of each malfunction by 
category. Tables 44 and 45 give a further breakdown of the data 
in Table 43 between М16А1'5 using ball propellant and those using 


ІМК propellant. 


The number and Frequency of all malfunctions, and of malfunctions 


т 


by type, for all four combinations of ball and IMR propellants, 


chromed and unchresed chambers are shown in Table 56. In comparing 


all these data, it vill be observed that essentially equal numbers 


of rounds (approxinately 272,000) were fired by each combination. 


Table 47 displays the number of malfunctions, by type, for the four 


combinations of chamber configurations гай propellant types. 


The malfunction occurrences per 1,000 rounds by type, by propellant 


type, and by rifle configuration are shown in Table 48. 


This review has raised questions about М16А1 system functioning 


and reliability, based on the WSEG report. Some of the observations, 


especially with respect to the severity and frequency of certain 


malfunctions, are not consistent with results from other tests. No 


answers are given here, because further analysis is required. 


«УЛЛЫ u n u u 


i ali Pol wi ery Aa 111111 ту d 


TIPP жы пш шп 


Colt Factory Reports on System Reliability, 1964-1968 


The data presented here are based on the final inspecticn and 
reliability test summary reports submitted by Colt's to the U.S. 
Government Defense Contract Administration Services. Ву contract, 
these reports are required as part of the quality assurance program 
for the M16 rifle at Colt's Firearms Division of Colt Industries, 
Hartford, Connecticut. 

The most extensive body of M16 system reliability data is 
contained in the function firing portion of the quality assurance 


test reports. & / 


Colt's Quality Assurance Functional Firing 


Malfunctions 


Weapons Rounds Total Number per 

Year Fired Fired Number 1,000 Rounds 
1964 55,363 3,691,394 5,156 1.40 
1965 102,153 6,143,555 4,182 .68 
1966 199,698 11,529,394 9,064 .79 
1967 301,947 12.683,328 8,506 .67 
1968а/ 58,887 2,429,115 1,066 .44 
Total 718,048 36,476,786 27,974 n 


* January and February only 


These data demonstrate general trends in М16А1 reliability, 
but are not indicative of field performance because they are based 


on all weapons tested, whether accepted or rejected; the firings 


Ч 


80 For detailed malfunction data, see Inclosure 6-2, Table 51, 
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were limited to two or three magazines per weapon, which does not 
allow for "меаг-іп" effects on performance; and tests were conducted 
on air-conditioned, indoor ranges. 
In terms of performance data, the most significant portion of 
the quality assurance acceptance examination of М16А1 rifles is 
the 6,000-round reliability test. Rifle production lots vary in 
Size, but never exceed one month's production. According to the 
government contracts with Colt's, at least one weapon per month, 
or per 10,000, will be fired in the 6,000-round reliability test. 
Further, should the test rifle fail, two additional rifles from the 
represented lot must pass the test or the entire lot will be rejected. 
A summary of the 6,000-round endurance tests, by year, is shown . у 
below, = 2-4 | 


Colt's 6,000-Round Endurance Tests 


Malfui.-tions 


Number of Rounds Total Number per 

Year Rifles Fired | Number 1,000 Rounds 
1964 39 213,499 124 .58 
1965 29 160,184 81 .51 
1966 26 151,143 78 .52 
1967 39 219,836 93 242 
19688/ 6 36,000 2 .06 
Totals 139 780,662 378 .48 


January and February only. 


81 


For detailed malfunction data, see Inclosure 6-2, Table 49. 
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All quality assurance reports submitted by Colt Industries 
à from March 1964 through February 1968 are summarized in Inclosure 
6-2, Tables 50 through 55. Colt's final inspection reports are 
summarized in Table 50. These reports have four component parts: 
function firing, target inspection, accuracy inspection, and final 
inspection. The number of weapons fired for the function firing 
and the target and accuracy inspections portions 15 the sum of 
initial and repeat trials. Thus, a weapon which fires and fails 
) and then refires and passes, is counted twice іп the number of weapons 
fired, and once under the number of weapons accepted, In practice, 
each month since March 1965, Colt's has fired as many weapons as 
necessary so that the number accepted is equal to the number of 
weapons fired initially. Comparison of such data implies a 100 
percent acceptance, tu hire is not true. Therefore, the method 


of presentation as discussed above was adopted. With respect to 


the final inspection portion of the quality assurance procedure, 
5 data for the initial and repeat inspections are presented separately, 


together with the total. Note that in totaling, the Colt's reports 


add the number of initial and repeat inspections to obtain the total 
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number of ins ‘2tions, which exceeds the actual number of weapons 
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tested. In Table 50, the propellant lot number is recorded for 


— 
1 


both the function firing and the target inspection. The propellant 
used in each lot is indicated by lot number, in Inclosure 6-2, 


Table 56. 
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Data extracted from the f. firing portion of Colt's 
final inspection report by тол and year is presented in Inclosure 
6-2, Table 51. In particul. , the total number of weapons fired 
(initial and repeat) and the total number of rounds fired are 
recorded by month, together with the number of weapons rejected 
for each type of malfunction, and the malfunction rate per 1,000 
rounds. It should be noted that the average number of rounds fired 
per weapon has declined from 66.7 in 1964 to 38.8 in 1968. 
Inclosure 6-2, Tables 52 and 53 summarize data reported in 
the Colt's 6,000-round reliability tests, giving the date of the 
test; rifle lot number; size of lot; weapon serial number; initial 
and дылы, velocity, and cyclic rate of fire; and total 
number of malfunctions and unserviceable parts. Table 52 lists 
rifle lots under contract number DA-11-199-AMC-508 (March 1964- 
April 1966), and Table 53 covers contract number РААЕОЗ-66-С-0018 
(Мау 1966 to February 1968). 

Inclosure 6-2, Tables 54 and 55, summarize the data reported 
in the 6,000-round reliability tests, including the malfunctions 
and unserviceable parts, by type, by rifle lot number, and by 
contract. 

Inclosure 6-2, Table 49, indicates the malfunctions reported 
during the 6,000-round reliability tests by month and year, the 
malfunction rates per 1,000 rounds, and the propellant used in the 


tests. 
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Analysis of the malfunctions reported by Colt's from March 
1964 through February 1968 indicates an initial downward trend in 
the rate per 1,000 rounds from 1964 to 1965, an increase during 
1966, and a continuing downward trend since then. Tables 6-13 
and 6-14 below show selected malfunctions, by type, the number 
experienced, the percentage of overall malfunctions, the occurrence 
per 1,000 rounds, and the totals by year since 1964 for the 6,000- 
round endurance tests and functional firings, respectively. Although 
the malfunction occurrence per 1,000 rounds varies slightly between 


the two tables, the trends are comparable. 
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С. Analysis of M16 Reliability | 
The М16 (АК15) was а surprisingly reliable weapon in the | 
early phase of its development; it outperformed the М14 (T44E4) | 
іп the first evaluation іп 1958.82/ At that time, the АК15 had ' 
been under development less than a year and the M14 had been under 
developmental testing for approximately 10 years. Тһе АК15'5 
performance impressed many people in and out of the Defense 
4 Department, and the rifle was later sought by the Air Force as its 
standard shoulder weapon. Evaluation and testing of the AR15 
continued through 1962, and the results indicated that its reliability, 
although in need of improvement, was approaching that of the M14. 
The tests conducted during that period show the overall malfunction 
rate of the AR15 to have been 14.3 per 1,000 rounds, as compared 
to the М1415 11.6 per 1,000 rounds, Figure 1 indicates the overall 
malfunction rate of the ARL5 (М1641) from the first evaluation in 
1958 to the February 1968. Included, for comparative purposes, 
is the malfunction rate of the M14 where the two weapons were 
subjected to the same tests or evaluations, and the rates experienced 
at Colt's factory during the function firing portion of the acceptance 
tests and the 6,000-round endurance tests. А dramatic improvement 


in the АК155 reliability is shown during the 1962-63 comparative 


82 USAIB Evaluation Report on the Armalite (AR15), 27 May 58. 
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Figure 6-1 — OVERALL MALFUNCTION RATES PER 1,000 ROUNDS 
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evaluation of the АК15 and №14. This greater reliability can be 
attributed to improvements made in the weapon by the manufacturer. 

It should be noted that the improved reliability was achieved 

despite a considerable amount of trouble with the magazines and 
ammunition (blown primers) experienced during the 1962-63 evaluation. 


The period 1963-64 saw an increase in the malfunction rate for 


both the M16 and M14. However, the increase for the M16 can be 


attributed chiefly to the fact that most of the tests conducted 


during the period were for the purpose of evaluating improvements 


in the AR15, including: firing pin restraining devices, charging 


handle changes, bolt assist devices, magazine catch springs, primer 


sensitivity, chamber dimensions, magazine designs, and alternate 


propellants for the 5.56mm round. In testing, the prototypes of 


the product improvements often adversely affected the reliability 


of the weapon and caused an overall increase in the malfunction 


rate. 
5 In June 1964 the use of ball propellant in 5.56mm ammuntion was 


approved. With ball propellant came increased operating energy, 


Дэ a tantaq А й бе anes ве хань КГ ТЕШИК A . n Lor MA a вара LM о + 1 


and an increase in the cyclic rate of fire and the overall malfunction 
rate. This problem was recognized, and a new buffer (action 
spring guide assembly) was designed, tested, and adopted in December 


оза 1966..83/ 


a tad gill ЕТИ Т Т 
Den "о ак A "P 
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83 See Appendix 1 for test procedures, and Appendix 9 for the 
š audit trail of M16A1 weapon and ammunition system tests. 
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The new buffer had been under consideration by Colt's for the pur- 
pose of eliminating carrier bounce and the resulting failures to 
fire because of light blows by the firing pin, so that when the high 
cyclic rate was recognized as a problem, the buffer design was modi- 
Lied со solve both problems, Іп lace i906, complaints of high mal- 
function rates of the М16А1 in Vietnam caused a technical assistance 
team to be sent from USAWECOM to determine the trouble (see Vietnam 
reports on reliability above). One of the recommendations of the 
team was that the chamber of the M16 be chrome plated. The intro- 
duction of the chrome plated chamber in September 1967 has reduced 
failures to extract and the overall malfunction rate but has in- 
creased other types of malfunctions: failure to eject, failure to 
fire, and failure of the bolt to remain to the rear. 

Figures 6-2 through 6-7 indicate the occurrence, per 1,000 
rounds, of selected malfunctions, and will be discussed individually 
below. It is emphasized that the data displayed in the figures are 
not "hard" data because of the wide range of test conditions, 
controls, and malfunction reporting procedures used in the various 
tests and evaluations; however, the displays do give an indication 
of the Ml6Al's relisbility over a considerable time and are useful 
in identifying trends. Each figure shows graphically the history 
of the occurrence rate as reported in the various Army, Air Force, 
and Marine Corps tests conducted. Also shown are the rates 
experienced at Colt's plant for both function firing (every rifle 
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produced), and the 6,000-round endurance firing (one rifle per 
production lot) and the malfunction data reported by the Marine 
Corps in Vietnam. As previously indicated, the Marine Corps data 
are incomplete, and therefore are not shown on every figure. The 
combat reports of the Marine Corps indicate that the occurrence 
rate is lower for all malfunctions, except failure to extract, 
than that experienced in testing. 

Failure of the bolt to close, Figure 6-2, follows the 
same trend as that of the overall malfunction rate through the 
end of 1967. The results of the Panama test in January 1968 
indicate an increase, rather than a decline, of this maifunction. 
А5 has been the case in previous tests with troops, many of these 
malfunctions were caused by the soldier's "riding the charging 


handle forward" and thus impeding the bolt's forward movement, i: 


producing a failure to close. The Colt's rate indicated a slight $ 


decrease in this malfunction during 1968. This malfunction is not 


(see Inclosure 6-1, FBC, for detailed discussion). 


serious and can be corrected by use of the bolt assist device | 
: etait 2 | 
Figure 3 indicates the occurrence per 1,000 rounds of failure | 

! 


of the bolt to remain to the rear. А significant reduction in | 
this malfunction was achieved with the introduction of the new i 


buffer, since most ammunition used im tests was loaded with ball 


propellant at that time. Again the malfunction is not а serious E 
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one and сап easily be corrected (see Inclosure 6-1). А slight 
increase in this malfunction is indicated for the last test. The 
rate increased because IMR propellant, which provides less operating 
energy, was used in М16А1!5 with the new buffer. The Colt's rate 
indicates little if any change through the years, primarily because 
prior to the introduction of the new buffer only ТМК propellant 
loaded ammunition was used in Colt's tests and also because ball 
propellant loaded ammunition has been used for testing almost 
exclusively since the buffer change in December 1966, 

Failures to feed declined significantly in tests through 
the SAWS test period (Figure 6-4.) because of improvements to the 
magazines used in the earlier testing, and because of the increased 
operating energy provided by the adoption of ball propellant. 
Tne rate increased when the new buffer was adopted because of the 
reduction in operating energy, and has shown a decrease since then 
with the use of the chrome plated chamber, which tends to increase 
the operating energy available because of the reduced friction 
encountered during extraction. 

Incidence of failure to fire (Figure 6-5) decreased steadily 


until early 1964 with improvements in the weapon and its ammunition. 


Upon the adoption of ball propellant, however, the rate rose sharply 
because the high cyclic rate of fire induced carrier bounce 


and resulted in light blows. When the new buffer was adopted, the 
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rate again declined sharply. The rate has risen slightly since the 
incorporation of the chrome chamber, probably because of the slight 
increase in operating energy afforded by the reduction in energy 
required for extraction. 

Failures to eject (Figure 6-6) follow the same pattern as the 
failures to fire, again showing the sensitivity of the М16А1 to 
minor variations in operating energy level. This malfunctim is 
bothersome, but most of the time can be easily cleared (see 
Inclosure 6-1). 

The most difficult malfunction to clear, and the one that has 
received the most publicity, is failure to extract (Figure 6-7). 
Its history shows an initial decline through 1962, a sharp 
increase during the product improvement tests, 1963-64, and a sharp 
decline after adoption of ball propellant, presumably because of 
the increase in operating energy. А slight increase is noticeable 
upon adoption of the new buffer, but the rate declines when the 
chrome chamber is introduced. The high incidence rate reported 
by the Marine Corps сап be attributed to two factors: (1) а 
failure to extract is more likely to be reported by a man in combat 


because it is often difficult to clear, and (2) the majority of 


the weapons in the hands of the marines when the data were collected, 


did not have chrome plated chambers, and many had pitted chambers. 


A recent technical inspection of the Marine Corps ML6Al's revealed 
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Figure 6 7 — FAILURE TO EXTRACT 
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that approximately 65 percent of the rifles were unserviceable ve- 
cause of pitted chamber s , 84/ These unserviceable weapons were im- 
mediately replaced. It should also be noted that the Colt's rate 
increases steadily until the introduction of the chrome chamber, 
and then drops to zero thus far in 1968, 

The final figure (Figure 6-8) shows the historic rate of all 
other types of malfunctions. The rate fluctuations fcllow generally 
those of the overall malfunction rate (Figure 6-1), but shows a 
Sharper rate of decrease in the last two years. This is indicative 
of the overall improvement of the Ml6Al's currently being produced. 

Since malfunction rates are considerably higher for rifles 
fired in the automatic mode (see the WSEG test), and since the 
М16А1 is used in the automatic mode one-third of the time in com- 
bat (see Appendix 7, Vietnam Surveys), its malfunction rate is ex- 
pected to 5e higher than that of the M14, which is used primarily 


in the semiautomatic mod. / It is therefore doubtful that the 


М16А1 rifle mal fuaction rate in the field will ever become consis- 


tently lower than that of the M24. 


84 Reported to the M16 Review Panel verbally by a Representa- 
tive of the 0.5, Marine Corps during the Panel's Vietnam surv2y. 


85 Only M14A2's are authorized the selecto- lever, 


6-151 


FOR OFFICIAL USE OMY 


A antek Ba анне l ЖЕЛКИ НӨ. ns 


| 
| 
| 


y 
Е + 
РРА А ТА ИТ 8 3 
ПЕНЕН 2 
OE TEM 
НУ НИНЕ ШИШ Tp du == 
а Т ЕТТИ Hak ё5! 
| А ТЕ mus „ till Hoe HI ER g 2 ka 
ШЕНІНЕН E الا لا اا‎ р ў 2 ЄЗЇ" 
1 f! e ги ТШ ШЕН 
à i ye шин ИНА ЇЇ! | 1 | "m ||| 1 Ез | 
-i там DH 1. түү ex. | |-| hy | SENE \ Í 
- КГР I idije dfe ЙН || | Tr] ~ © 
21 111110 0 TT ІНШІ ЕН 88 = 
БОГ: Т" Н | ЭЛ АП 111111197 | ||| ‚ £x 
5 à "E 5 (ЇЇ! КЕЗІП | IH di ИЕ! о c. | 
Sp ME ШЕШ PES di Hl ilii U J 5 ++ vM c 
i š Bagir LEJHA АУТ И ИВИЋ ШІ 7725-44 
Ед 2 5.8822 ШИ FREIE ard ! ШІНШІ 44 = 
көм» -i z Н if | E ий ! і | 4 4 EBBN Ei = ч-т < м N 
кы Ë Ë 5 PERED а A Шинийнишниг | ШИШ Р | 
— 5 ІНЕ ЕЕЕ АТА ШИН ШИНИ 
— | TEN НЕ E 2 (1! EUR e Ed ен (11! ' ; j „ыы. Lal] TL bude E 
„„ „ "Um H| umm mr Hà. Қ 
oon | „„ а ТЕТІГІ Е ili: ИН | аа Ци een. НЕ || | 1 , бесік 2 NE 
= МАНЕ 211! 31:11: 11500 1 TR 22 Da 
= а; ЕЕ шилээ Š اال ا‎ TFI ||| "n | es p 
Gd © a. ЕЗ к ШИН 1 th i 
ез 8 3 ! iE AE |!!! АЕ. ‘ 
Bi 5 “ШШИИ 
шаа Ps ТЕ ШИН | 
Ї хил ший | 
1118 


--31- 


= 

CEC iri SURE MEE 

dod DS wa x 
Et МОҚ n m 5 id До Ут 


FER ТИШ. USE CY 


р. Conclusions 

1. The reliability data reported in the various tests and 
evaluations discussed above do not provide a statistically signi- 
ficant basis for an engineering analysis, nor do they previde a 
clear reason for the occurrence and fluctuation of certain malfunc- 
tions, (See the evaluation of test policy and procedures, Ap- 
pendixes l and 2.) 

2. The malfunction data extracted from the tests and evalu- 
ations that are displayed in this appendix do not represent abso- 
lute numbers, but are useful only in identifying reliability trends 
over periods of time. (Appendix 2, Analysis of Test Procedures). 

3. Except in the first evaluation іп 1958, the М16А1 rifle 
has been, and continues to be, less reliable than the М14 rifle. 

A higher malfunction rate is an inherent characteristic of the fully 
e rifle in general, a fact that was most recent y confirmed 
in the WSEG test, 

' ё. The reliability of the M16Ai rifle is sensitive to minor 
variations in the operating energy level. 

5. Changes were made in the M16A1 and its ammunition by trial 


and error, Litcle is known about the effect of variations in in- 


i 
! 
Ї 
| 
i ternal ballistics on functional reliability of the system, nor 
: 
. Ë where detailed studies in this area initiated befcre 1968. (See 
Ї : Appendixes 1 and 2, Testing and Evaluation.) 
i | iei d 6-153 
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6. The function firing tests and the 6,000-reunc endurance 
tests conducted at Colt's do not provide data which are indicative 
of the actual performance that can be expected of the М16А1 in the 
hands of troops. (For quality assurance, see Appendix 5.) 

7. The value of the 6,000-round endurance tests, for the М16А1 
rifle conducted by USATECOM and by Colt's is limited because they 


do not represent a test of the service life of the weapon. 


8. The lack of cleaning materials and the lack of proper 
training cont-ibuted heavily to the high М16А1 malfunction rates 
experienced ia Vietnam in late 1966 and early 1967. (See Appendix 
3, training, and Appendix 7, Vie: surveys.) 

9. The functional reliability of the М16А1 rifle, as currently 
produced with the new buffer and chrome plated chamber, is satis- 
factory when the weapon, ammunition, and magazines are properly 
maintained and lubricated, and provided that ball ammunition loaded 


with ball (WC 846) propellant, and tracer ammunition loaded with IMR 


ИЕР 


propellant are used. 


——  ÁPÀ € и ~ 


тэлэлт 


10. Over 50 percent of the malfunctions currently being 
experienced by the М16А1 system are failures to feed and 
can be attributed primarily to the standard magazine. 


11. А detailed engineering analysis of the М1641 system is 


e тах. «сөн алим — — 


required to imprcve its reliabiiity further. 
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Appendix 7 
M16 SURVEYS IN THE REPUBLIC OF VLEINAM 
А. Introduction 

An urgent need for increased firepower in Vietnam was recognized 
by the Commander, U.S. Military Assistance Command, Vietnam, when 
he asked for 170,000 M16 rifles in December 1965.17 The request 
was immediately approved and large numbers of Ml6's were introduced 
rapidly into Vietnam in early 1966. 

No serious problems with the M16 were reported for several 
months, but in the fall of 1966 excessive stoppages and malfunctions 
began to be reported by units in U.S. Army, Vietnam (08АКУ), А 
preliminary investigation made by the Customer Assistance Office 
of the U.S. Army Materiel Command (USAMC), and technicians from 
the Ist Logistical Command and USARV determined that a lack of 
proper training and maintenance was the probable cause of the trouble. 2/ 
USARV then took steps to improve the quality of М16 maintenance. 
Among these, USARV requested in early October 1966 that U.S. Army 
Weapons Command (USAWECOM) furnish technical training teans. 

As reliability problems with the M16 continued to be reported, 
military concern increased and both public and Congressional interest 
was aroused, This concern and interest brought ebout a series sf 


field surveys by various agencies and commands. 


p 


На MACV Msg 42787, 0801482 Dec 65. 


2 На МАСУ Msg МАС142-М5 6819, 2309112 Oct 66. 
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В. U.S. Army Weapons Command Surveys 


On 11 October 1966 USARV requested technical assistance in sup- 
port of the M16 from U.S. Army Weapons Command,3/ and three surveys 
were made: one from October 1965 to December 1966, another in January - 


February 1967, and the third in April - May 1967. 


October - December 1966 


The first USAWECOM survey team stayed in Vietnam from 21 October 
1965 until 2 Dacember 1966,57 While the primary purpose of the team 
vas to provide maintenance instruction to a nucleus of officers and 
men from each brigade, who would then teach their own units, direct 
support organizations wece also instructed. 

The team taught maintenance in every major USARV unit except the 
Ist Air Cavalry Division. S/ Students brought their om weapons, 
magazines, ammunition, cleaning materials, and accessories to class. 
A detailed inspection of each student's equipment revealed that with 
the exception of the weapons of the Ist Brigade, 1015Е Airborne 


Division, the 173d Airborne Brigade, and the 5th Special Forces, all 


3 
На USARV Msg AVHGD-MD 29518, 1102062, Oct 66. 


4 Ltr, PM-RS, USAMC, 15 Dec 66, Subj: Liaison Visit to SEA in 
Reference to the ХМ16Е1 Rifle. А11 information about this USAWECOM 
survey is from this 15 Dec 66 report unless otherwise indicated. 


5 The team, headed by Lieutenant Colonel Herbert P. Underwood 
of the Office of Project Manager, Rifles, had seven other members, 
four from USAWECOM and three from Colt's Firearms Division of Colt 
Industries. 


6 The Ist Air Cavalry Division had stated that it was having no 
trouble with the rifle, and asked that instruction be given only to 
the small arms shop of its maintenance battalion. 
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the weapons were poorly maintained, The most common faults observed 
were: 
Excessive oil on the weapon; 


Carbon buildup in the chamber, bolt, and bolt carrier 
greup; 


Overloading of magazines with 21 rounds of ammunition; 


Oil and grit inside magazines (frequently accompanied 
by lubricated ammunition); and 


Failure to replace worn or broken extractors and extractor 
springs. 


ИТ 


Other deficiencies noted frequently were shortages of technical 


manuals, cleaning equipment, and repair parts, and a general lack of 
knowledge of the М16 rifle among officers and noncommissioned officers. 
The 1st Brigade, 10156 Airborne Division, the 173d Airborne 
Brigade, and the 5th Special Forces were the only units surveyed 
that had received training with the M16 for a significant period 
of time prinz to deployment to Vietnam. Men in other units had 
been given training in marksmanship but little or no instruction 
in care and cleaning of the rifle. | 
The survey team verified the existence of a malfunction problem 


and supported the findings of the preliminary investigation by 


concluding that the malfunctions were primarily due to inadequate 


— . — RE тың AE patet. — 
i d 


cleaning, improper lubrication, and the continued use of worn parts. 


The team believed, further, that poor rifle maintenance was itself 
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CONFIBENTIAL 


the result of insufficient maintenance training; a shortage of technical 
manuals, repair parts, and cleaning equipment; and a lack of knowledge- 
able officers and noncommissioned officers. As a result of the tech- 
nical team's visit the following actions were taken within USARV: 
Instruction material on the care and cleaning of the M16 was 


published and distributed at company or rifleman level 7 


Emphasis was placed оп the need for adequate command supervision 
of maintenance 8 / 

New troops were required to receive a minimum of two hours 
M16 maintenance training during their first week in Vietnam. 

Immediate USARV inspection and repair of all Ml6's on hand by 
divisional direct support maintenance teams and elements of the lst 
Logistical Command was directed. 

Follow-up inspections by teams from the 15: Logistical Command 
were directed to check on the effectiveness of maintenance training 


within USARV. 


USAWECOM Ltr, 25 Oct 66. User Care of the M16; USARV Combat 
Lessons Learned, 28 Oct 66, M16 Care and Cleaning; USARV Training 
Circular 5, 20 Nov 66; USARV Pamphlet 750-5, 14 Dec 66; and extracts 
from several PS Magazines. 


COMUSMACV Msg, MACJ42-MS 46816, 2309112 Oct 66; USARV Msg 
AVHGD-MD 30677, 1812152 Oct 66. 
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January - February 1967 

А follow-up of the first survey and instruction visit was 
made by USAWECOM from 17 Januray through 20 February 1967.27 
No trip report, after action report, or other memoranda exist, 


and therefore no comment on this survey can be made. 


April - Мау 1967 

Оп 17 April 1967, Headquarters, USARV, requested technical 
assistance with the XM148 grenade launcher.22/ A technical team 
was sent in response to this request 117 The primary purpose of 
the survey was to evaluate and correct problems with the ХМ148 
grenade launcher, but the team also examined large numbers of M16 
rifles in the hands of troops to determine the status of шаїпЕеп- 


ance, the availability of cleaning materials, and the condition 


of rifle barrels and chambers. 12 / The team was in Vietnam 


'9 The team had five members: its team chief, Major Emanuel 
Podurgal, who was from the Office of the Project Manager, Rifles, 
two representatives from USAWECOM, one from U.S. Continental Army 
Command (USCONAKC), and one from Colt's Firearms Division. 


10 Ltr, PM-RS, USAMC, 25 May 67, р.1. 


ll This team consisted of its chief, Major Podurgal, from the 


Office of the Project Manager, Rifles, Mr. Wesley B. Eastis from 
9SAWECOM, md Mr. Kanamitsu Ito, Colt's Firearms Division 


12 Ler, PM-RS, USAMC, 25 May 67, Subj: After Action Report - 
AMCPM-RS Team Visit to Vietnam, All information regarding this 
survey is from this report. 
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from 27 April through 18 May 1967, and during this time visited 


the two Marine divisions and every Army division and separate 


/ 
brigade (with the exception of Task Force Orgeon) 13 observing 


rifles,checking maintenance shops, and conducting interviews. 


M16 rifles were inspected by the survey team in troop units 


and maintenance repair shops throughout Vietnam, The findings ЭЭ 
of this survey were: 


No major difficulties were being experienced with the M16. 


There was still a problem with the extractor, but the frequency % 


of maifunction had been reduced through improved care and cleaning. Е 


Men expressed satisfaction with the М16 and agreed that it 


38 
ЕЭ 


was superior to the M14 in the Vietnam environment. 


шарилын 


About 50 percent of the М16'5 inspected in maintenance shops 


hui tt 


showed signs of chamber deterioration due to pitting 257 


мүш, 


Accumulation of thick deposits of copper fouling in rifle 
bores was often observed. This condition was worse in units which 


habitually fired a large volume of tracer ammunition. 


13 Why Task Force Oregon was not visited is unknown. 


VL m Ani Он коала шаяны 7 


14 These weapons, which had been turned in for repair, however, 
may not be generally representative of those in the hands of troops. 
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The survey team concluded that the major problem was 
deterioration of rifle barrels caused by chamber pitting and the 
accumulation of copper fouling. It estimated that approximately 
10 percent of the Ml6's in Vietnam would require a barrel 
replacement every three months. То reduce the rate of barrel 
deterioration, the team recommended speeding up deliveries of the 
recently adopted improved lubricant (MIL-L-46000A) LSA and chrome 


plating the rifle chambers. 
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С. Congressional бигуеу 


Оп 2 “ev 1967, the House Committee on Armed Services appointed 
г special subcommittee to inquire into the М16 rifle program, 
naming Congressman Richard H. Ichord chairman and Congressmen 
Speedy O. Long and William G. Bray members. During their investi- 
gation the members of the subcommittee, accompanied by three special 
assistants and one military escort, visited Vietnam from 3 to 10 
June 1967. After briefings at both Headquarters, MACV, and Head- 
quarters, USARV, they visited the two Marine divisions and elements 
of five Army divisions. While in the field, they interviewed 
commanders, logistic support and training personnel, and soldiers 
and marines who had used the M16 in combat. Although some documents 
pertinent to the rifle program were collected, most of the information 
obtained by this survey came from personal interviews with men in 
combat units who were armed with the M16. Fach of the three 
congressmen and three special assistants participated, and while no 
accurate count of the actual number of men interviewed is available, 
one of the special assistants, Colonel Edward B. Crossman (Ret.), 


estimated that he personally taiked to more than 300 men. 


No official report on this survey was published; the findings 
which follow are based upon observations by Colonel Crossman and the 


team escort, Colonel Paul B. Неп1еу!5/ 


15 Ltr, Col Crossman (Ret) to Mr Ichord ‚ 16 Jun 67, Subj: Report of 
Investigations of the М16А1 Rifle in Combat. 


Memo, USARV for CINCUSARPAC and DA, 15 Jun 6/, Report of Congressional 


Visit (RCS 54054-9) 
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At least 50 percent of the men interviewed had encountered 
serious malfunctions with the M16, most of them failures to ex- 
tract. 

The bolt closure device was used frequently enough to justify 
the Army's insistance upon this product improvement. 

Extractors and extractor springs required replacement fairly 
often. 

While there was no general shortage of cleaning and preserv- 
ing equipment, many individuals were short of the critical cleaning 
rod and chamber brush. 

Approxima. ely 50 percent of the men preferred the M14, Most 
of the men who wanted the M14 felt that it was a more reliable 
rifle and were concerned about the M16's possible malfunctions in 
combat, 

The Ml6's light weight, full-automatic fire capability, 
handiness, ease of firing, and light ammunition weight were all 
factors mentioned in its favor. 

À large percentage of the men appeared to be shooting their 


rifles in combat, in marked contrast to experience in Korea, 


Many cases of a stuck or jammed selector lever were reported. 
It was not possible to correlate kind of lubricant or method 


of lubrication with malfunctions, nor was such correlation possible 
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with ammunition of a particular type or make. 

Colonel Crossman recommended in his letter to Mr Ichord that 
an immediate investigation he conducted of ammunition design and 
manufacture, rifle design and manufacture, and maintenance in 
the field to determine the cause and cure for failures to extract. 
He also recommended modification of the selector lever and related 


parts to eliminate any tendency to stick. 
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р, Office of the Assistant Secretary of Defense Survey 


The ‘Directorate for Inspection Services (DINS), Office of the 


Assistant Secretary of Defense (Administration), conducted a field 


survey in Vietnam from 22 August to 6 September 1967 to examine 


the performance of the M16 rifle E Findings were to be compared 


with a technical evaluation of the M16 already completed by the 


Director of Defense Research and Engineering, who would then submit 


to the Deputy Secretary of Defense a final report stating whether 


any major deficiencies existed in the weapons and recommending 


corrective action accordingly. 


Emphasis was placed on identifying corrective 
actions taken or required to improve the basic weapon 
and its accessories, the maintenance and logistic 
support thereof, and individual M16 rifle training 
(CONUS and SVN), The effectiveness of supervision of 
the chain of command was examined with respect to imple- 
menting corrective actions down to the individual rifle- 
man. The performance and acceptability of the M16 was 
examined under a variety of combat conditions, terrain 
and weather. Special interest examinations were made 
with respect to additional field testing of the weapon 
in SVN, reporting procedures for performance data, and 
the effects of varying operating tactics (nodes of fire) 
on reliability. Finally, suggestions for additionaal 
improvements to the rifle and accessories were sol ici ted. L/ 


The survey team questionnaire vas completed by 1, 585 men armed 


with the M16. The following is a summary of responses to the 
18/ 


questionnaire: 


x : 16 This team of six officers was headed by Major General 
| Robert М. Strong, USAF. 


ti ERN 17 Directorate for Inspection Services, OASD (Administration), 
Ч 30 Sep 67, М16 Rifle Survey in South Vietnam, р.1. 
18 


Directorate for Inspection Services, OASD (Administration), 
undated, M16 Rifle Survey in Scuth Vietnam, pp 17-18. (DINS, OASD 
(Administration)published two reports, the first undated and the 
Subsequent one dated 30 Sep 67). 
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1. Have you used the М16 rifle 
in combat operations? 83% 17% 


2. Has the M16 rifle performed 
well for you in Vietnam? 85% 13% 2% 


3. Do you like the M16 as an 
individual weapon? 87% 12% 1% 


4. Do you clean your M16 daily? 71% 28% 1% 


5. Did you receive training on 
firing the M16 rifle after 
arrival in Vietnam? 82% 17% 1% 


6. Did you zero your individual 
weapon in Vietnam? 77% 20% 3% 


7. Have you had stoppage(s) with 
your rifle during firing? 19/ 


8. Were you able to clear the 
stoppage and continue to fire? 72% 8% 20% 


9. Do you carry a cleaning kit 
for your M16 rifle? 69% 29% 2% 


10, Are you able to get cleaning 
material for your rifle in 
your unit? 82% 16% 2% 


11, Have you received special train- 
ing in the maintenance of the 
M16 rifle under field conditions? 65% 32% 3% 


12. Does your unit have а daily 
weapons inspection by the chain 
of command? 447, 537, 3% 


смрад (Aa Н 


. 19/ None, 17 percent; few, 70 percent; many (more than ten), 
10 percent; and no answer, 3 percent. 


— — 
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Have you received the new 
lubricant for the M16 rifle? 


Has the new lubricant improved 
the performance of your M16? 
(ТЕ you have used it) 


Have you been told to keep your 
ammunition clean? 


Do you clean your ammunition and 
magazines daily? 


Would it help to have all maga- 
zines preloaded in disposable 
Sealed magazines? 11% 


Do you usually load 20 rounds 
in your magazines? 837% 


ТЕ you usually load less than 
20 rounds, how many do you 
load? 20/ 


20. Have you used the BOLT ASSIST 
to reduce stoppage? 447, 42% 14% 


21. Та combat have you usually 
fired the M16 fully automatic? 38% 51% 11% 


The following OSD field survey findings were based upon а 
synthesis of the data collected from the questionnaire and from 
more than 600 personal interviews with commanders, maintenance 


personnel, and riflemen:. 21/ 


207 20 rounds, 16 percent; 19 rounds, 10 percent; 18 rounds, 67 
percent; 17 rounds, 6 percent; and 15 rounds, 1 percent. 


21 Directorate for Inspection Services, OASD (Administration), 
30 Sep 67, M16 Rifle Field Survey Vietnam, pp. 13-15. 
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Training 


1. In general, adequate training policy, guidance, 
and directives have been published by the separate serv- 
ices and their subordinate commands in CONUS to remedy 
the reported deficiencies contributing to M16 malfunc- 
tions in South Vietnam. 


2. Training ir CONUS could be improved by addi- 
tional emphasis on familiarization firing, use of im- 
proved cleaning techniques, rifle disassembly and as- 
sembly, and application of procedures to reduce stoppages 
(immediate action). 


3. The functions of rifle inspection and mainten- 
ance thereof in the field would be improved by increased 
CONUS training of company grade officers and noncommis- 
sioned officers in the nomenclature, functioning, care, 
and cleaning of the M16. 


4. Adequate policy, guidance, and directives have 
been published by MACV and major subordinate headquar- 
ters prescribing specific training in the familiariza- 
tion, care, cleaning, maintenance, and zero firing of 
the M16 rifle. These directives are available at all 
echelons of command in South Vietnam as a basis for ef- 
fective training programs for individual combat rifle- 
men. 


5. The interview of individual riflemen in South 
Vietnam disclosed that compliance with MACV training 
directives had not been achieved to the desired degree. 
This was caused by some failure to communicate to the 
operating units, down to the individual rifleman, the 
training directives issued by MACV and major subordi- 
mate commands. There was also some failure in the 
chain of command to follow up the implementation of 
the directives in order to achieve compliance, 


Support 


6. CONUS support of the M16 rifle was found to be 
adequate in every respect and improving. Adequate 
quantities of repair parts, cleaning materials, and 
equipment were available or in supply channels to meet 
all requirements. 
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7. MACV has directed appropriate action to insure 
the availability to operational units of adequate sup- 
plies, repair parts, and cleaning equipment. However, 
the individual rifleman has not consistently received 
these items on a routine basis even though available at 
direct support echelons, 


8. The principal direct cause of the stoppages of 
the M16 rifle in South Vietnam has been the failure to 
extract the spent case. In turn this is caused by dirty 
or corroded cartridges, and improperly maintained chambers, 


9. Adequate regularly conducted inspections of the 
М16 rifle were not being accomplished in many units, In 
the majority of units the inspection of magazines and 
ammunition on a regular basis was rarely accomplished, 


10. Almost one hundred percent issue of the new 
LSA lubricant had just been completed to combat units 
at the time of the field survey. More than one half of 
those surveyed had used it in the field, and these re- 
ported improvement over previous lubricants.  Noteworthy 
is the report of its rust and water repellant character- 
istics when used by units deployed in wet and muddy ter- 
rain. 


11. Out of millions of rounds of 5.56mm ammuni- 
tion expended, very few ammunition malfunctions were 
reported. Where rifles were given proper care, indi- 
vidual riflemen were unable to discern any difference 
in performance or carbon build-up between ammunition 
loaded with either ball or IMR propellant from differ- 
ent manufacturers. 


12. Тһе new buffer for the M16 had been issued to 
all maneuver elements. Action had been taken to accom- 
plish retrofit and had been completed in the majority 
of these elements. Issue to all other units had been 
programmed and was in progress with scheduled completion 
during December 1967. In those units in which retrofit 
had been completed, riflemen surveyed reported that it 
had improved overall performance of cheir weapon. 


13. No determination could be made of the effect 
or the impact on the performance of the M16 rifle by the 
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substitution of the chrome chambered barrel dua to the 
small number of rifles in Vietnam so modified.  Soonest 
determination could be made of the effect of this modi- 
fication if it is issu d on a priority basis to all U.S. 
maneuver units in South Vietnam. 


. ` Current Problems 


14, There are no major problems being experienced in 
: the field with the М16 rifle at this time that have not been 
: identified and for which corrective acticn had not been 
instituted. There are minor problems remaining which 
are within the purview of the product improvement pro- 
gram for the weapon. 


Performance and Acceptability 


15. The over-all performance of the M16 rifle in 
Vietnam has had the revolutionary impact of dramatic 
improvement of the combat capability of U.S. ground 
maneuver units in all types of operations. This is in 
Spite cf reliability problems caused by its accelerated 
issue and employment on a large scale, and the less than 
adequate preparation, training and discipline of 0,5, 
forces for its support and maintenance. 


16. The general performance of the M16 rifle had 
been satisfactory in Vietnam. Since June 1967, it has 
improved steadily as a result of increased training and 
discipline of the rifleman in the care, cleaning and 
maintenance of the weapon. 


17. The great preponderance of riflemen, their com- 
manders and support personnel accept the M16 as the 
proper infantry rifle for use throughout /ietaam and like 
it as an individual weapon. Only thirty-eight individuals 
out of the more than 2,100 surveyed stated they would ex- 
change their М16 rifle for another weapon. Of this group, 
thirty-five wanted the shorter, lighter version of the 
M16--the CAR-15 (XM177). 
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Е. Office of the Chief of Staff Survey 

Early in November of 1967, the Chief of Staff directed a 
review of the entire М16 rifle program.22/ On 8 November the 
M16 Rifle Review Panel was convened with.n the Office of the Assist- 
ant Vice Chief of Staff and instructed to prepare a comprehensive 
history and evaluation of the M16 program, recommending further 
action as required. This panel then conducted a field survey 
of men armed with the M16 in Vietnam during the period 24 January 
through 5 February 1968 to co.lect data оп the reliability, status 
of training, status of maintenance, and general overall effective- 
ness of the М16-М16А1 rifle system, —23/ Specific objectives of the 


field survey were to: 


1. Determine the extent of corrective action previously 
taken to improve the reliability of the M16 rifle system. 
2. Identify current problems experienced with the M16 in the 


field. 


3. Evaluate the general performance and acceptability of the 
System under combat conditions. 


А11 major Ármy units and one Marine division were surveyed. 


The survey team used two means of collecting data: personal inter 


views and a questionnaire. The interviews were with men whose 


22 сом 67-436, 8 Nov 67, Subj: The M16 Rifle Program. 


23 This team of six was headed by Mr John А. Locherd from 
the Weapon Systems Analysis Directorate of the Office of the Chief 


of Staff, Army. 
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primary duties involved either rifle training or the logistical 
support of the rifle system, and with members of the chain of com- 
mand within tactical units. The questionnaire was completed by 


2,021 men armed with the M16. 


The findings of the survey are summarized below. (For detailed 


discussion see Inclosure 7-1.) 


1. A totel of 23 percent of all men questioned who came direct 
from the continental United States indicated that they had received 
no formal M16 training prior to their arrival in Vietnam. Of the 
men from all other theaters, 73 percent stated they had not received 


such training before arrival. 


2. Although 24 percent of the men ind.cated they had not 


received any M16 rifle training before arrival in Vietnam, there 


is good reason to believe that this problem will be reduced signifi- 
cant ly in the near future. Analysis of survey data reveals a pro- 
nounced trend toward reduction of the numbers of men slipping 
through withoit M16 training. Only 4 percent of the men deploying 


during October 1967 - January 1968, indicated they were untrained. 


3. Adequate training policies, guidance, and directives have 
been published by Headquarters, МАСУ, and Headquarters, USARV. These 
directives were not consistently available among units conducting 


replacement training at the time of the survey. 
4. М16 training observed at divisional replacement centers 


did not always comply with MACV or USARV training directives. 
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5. USARV M16 training policies and procedures did not dis- 
tinguish among replacements by theater source or by the amount of 


rifle training men had received before their arrival in Vietnam. 


НЫ 


6. 28 percent of the men surveyed said they had not received 
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formal M16 rifle. training in Vietnam. The number of men who had 


e 


received М16 training in Vietnam varied appreciably from one major 
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unit to another. 


7. Many unit armorers lacked formal training and adequate 
knowledge of М16 rifle maintenance. Аз a result of this failing, 
rifles that properly should have been repaired by the unit armorer 
(those with г broken extractor, for example) had to be turned in 
by the riflemen and repaired at a higher echelon. Other unit 
armorer duties, such as periodic lubrication of detent springs, 


were often neglected. 
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Maintenance and Supply 
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8. Adequate quantities of repair parts and cleaning mater- 
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1415 and equipment were found to be generally available in Vietnam. 
However, unbalanced distribution among depots occasionally resulted 


in temporary shortages which did affect using units. 
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9. Cleaning materials such as the cleaning rod, lubricant, 
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brushes, and patches, were generally available to the rifleman 
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and he usually carried most items with him in the field. Pipe 
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cleaners and bore cleaners, however, were often not available. 
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10. Men tended to clean their rifles two to three times 


more frequently than they cleaned their magazines and ammunition. 


This tendency was sncouraged by unit maintenance inspections, 


which stressed care of the rifle and failed to emphasize tae im- 


portance of properly maintained magazines and ammunition. 


ll. Unit armorers frequently did not accompany units into 


| the field, and as a consequence field repair of weapons was 


neglected. 
12. The buffer retrofit program was not complete at the 
time of the survey, although units within USARV had reported 100 


percent completion of this program during November 1967. 84 per- 


————————— ͤ kfͤ6—̃ 


cent of those surveyed indicated they had new buffers. 


Reliability and Acceptability 
13. Failures to extract still occurred with enough frequency 
- to reduce confidence in the М16, Among the men surveyed, 35 per- 


cent had experienced at least one such failure within the previous 
four months. The average number of reported failures to extract was 


4.8 per man reporting this type malfunction. 
14, Attempts to establish a statistically significant cor- 
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relation between failures to extract and such possible causes аз 
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mechanical training were unsuccessful. Inability to statistically 
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| poor cleaning habits, overlubrication, and the user's lack of 
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isolate the causitive factors from field survey data suggests that 


failures to extract are not caused exclusively by user abuse. 
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15. Among those surveyed, 42 percent indicated that they 
had experienced at least one failure to lock, Of those reporting 
this type failure, the average number of failures was 5.3. 

16. Half of the men reported having used the bolt assist and 
69 percent indicated that use of the bolt assist had cleared the 
malfunction. 

17. When asked what weapon they would prefer te carry in 
combat, 85 percent of the men wanted either the M16 or its sub- 
machine gun version, the ХМ177, 

18. In general, men armed with the M16 in Vietnam rated this 
rifle's performance high. Most frequently lauded were its light 
weight and its firepower. However, many men entertained some mis- 
givings about the Ml6's reliability (33 percent made adverse 
comments on either the rifle's sensitivity ог its reliability). 

Product Improvements 

19. Although the chrome plated chamber has not been fielded 
long enough to permit adequate evaluation, many men who had re- 
cently received an M16 with a chrome chamber found the rifle sig- 
nificantly more reliable than earlier models they had used. 

20. The desire for magazines of greater capacity than 20 
rounds was frequently expressed. 


21. On-weapon storage capacity for cleaning materials is 


required. At the time of the survey, there was no means satisfactory 


to the rifleman for carrying these materials. 
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22. 83 percent of all men surveyed indicated they did test 


у, 
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fire. Тһе manner and frequenc of test firing varied appreciably 


among units. A greater percentage of leaders, from fire team 3 
to platoon level, test fired than men within the rifle squads. = 
23. Within the theater, 10 percent of the men armed with 

the M16 had never zeroed their rifles. About one-fourth of the 
Men zeroed when their weapons were issued at the beginning of 
their tours and never thereafter, while about half zeroed quarterly. 


USARV quarterly training requiremencs included zeroing of rifler. 


24. Ammunition loads carried by the men were generally ех- 


cesSive, although the loads varied greatly. Individual loads 


ranged from 7 to over 40 magazines. In terms of actual useage, 
the average individual ammunition load carried was from 39 to 41 = 
normal consumption days of ammunition. 


25. Most men loaded 18 rounds in their magazines; the theater 


m". эя, + 


average was 18.3 rounds, 

26. The theater cou.sumption ratio of ball to tracer ammuni- 
tion for men armed with the Mi6 was 4: 1. This ratio varied ap- 
preciably among units (unit averages were a product of even wider 
differences among individuals, with many men firing 100 percent 


tracer). 
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F. Analysis and Conclusions 

In response to General William C, Westmoreland's request of 
December 1965, the M16 was fielded in Vietnam as rapidly as the 
rifles became available. The transition from the M14 to the M16 
was accomplished so swiftly that most of the Army's combat forces 
were equipped with the M16 after they arrived in Vietnam, ог so 
Shortly before they left the United States that formal M16 training 
prior to departure was limited. This accelerated introduction of 
the M16 into Vietnam, along with shortages of cleaning materials 
and repair parts, and generally inadequate knowledge of the weapon 
on the part of the chain of command led to poor maintenance in 


the early stages of the rifle's use in Vietnam. 


24/ 


In the fall of 1966 excessive mal functions“ were reported. 


The first surveys concluded that insufficient training of men 


in the care and maintenance of the M16 was the basic cause of the 3 
high malfunction rate, and a training program designed to increase : 
care and cleaning proficiency was immediately begun. Subsequent Š E 
surveys found 416 maintenance significantly improved and the mal- 5 
function problem reduced. 


Despite improved care, malfunctions continued to occur with 


E. 
enough frequency to warrant concern. The Congressional survey in 77% 
Б 
88 


| 
| 
i | June 1967 found user acceptability relatively low. At that time 
| 24 
| Primarily failure to extract the spent cartridge. 
| 
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about one-half of the riflemen wished to exchange their M16's for 


М14'5, chiefly because they had misgivings about the Ml6's reli- 


ability. This attitude toward the М16 was not entirely the product 


of a bad press, or rumors, since many men indicated that they had 


personally experienced one or more failures to extract while they 


were using the rifle in combat. 


In the fall of 1967 the Office of the Secretary of Defense 


field survey found acceptability unusually high. 25/ “The M16 


has achieved wide acceptance throughout Vietnam. Only 38 individuals 


of all those surveyed (2,100) would like to exchange their M16 for 


another weapon. Of this group 35 wanted the shorter, lighter 


version of the M16 -- the САК15," (ХМ177) This acceptability figure 


is misleading since the OSD survey questionnaire did not ask the 


28 


men which weapon they preferred. 26/ А better picture can be 
gained from responses to the OSD question: Do you like the M16? 
12 percent of the men answered, "Мо." 


_ Findings of the 1968 survey conducted by the Office of the 


Chief of Staff are basically consistent with the other surveys. 1 


Pare its, CIPS „жш ТЕ em P 
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These earlier surveys stressed the urgent need for improved care 


И 


of the М16 by the rifleman. Emphasis upon maintenance has reduced 


the number of M16 malfunctions but has not eliminated the reliability 


25 Directorate of Inspection Services, OASD(A), 30 Sep 67, M16 


bM ROL M (a қалд ДА ал ны 8 


Rifle Field Survey in South Vietnam, p.15. 23 
26 Men could wríte in comments on weapon preference but were 2: 


not required to do so. 
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problem. It is clear that emphasis should be shifted to ап exami- Е 
a 
nation of the entire rifle and ammunition system, 3 


The following detailed conclusions are based upon the most 


а 
НИТ 


ТТ 


recent Vietnam survey, the January-February 1968 visit of the М16 


OR 


15 


ARA 


Rifle Review Panel. 
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Policies and directives throughout Vietnam which govern М16 


АМА 


training, supply, maintenance, and user care and cleaning were 


d 


deus 1 


found generally adequate in January-February 1968. Continued com- 


TR 


mand supervision is required to improve compliance with these 


directives. 


With the exception of Vietnam-oriented advanced individual 


training for infantrymen, all M16 training given to men before 


Their deployment to Vietnam should be improved. Many leaders have 
been hampered in meeting their supervisory responsibilities by in- 
sufficient knowledge of the M16. Frequently, riflemen receive 


either poor M16 training or none before they arrive in Vietnam. 21/ 


In order to improve predeployment rifle training the following 
measure should be taken: 
1. Accelerate introduction of М16 rifles and M16 training 
for all men in basic combat training at the earliest possible date. 
2. Increase the amount of M16 instruction for supervisors in 


all schools producing junior leaders, for example, NCO refresher . 


ccurses,officer candidate schools, and basic branch courses. 


in: д; 


LORI NU ind ена 


Recently improved clearance procedures within the continental 
United States have reduced the numbers of men who deploy without 
rifle training. 


ом 


Tm — з == aW — 4 4 Rit PY — 
"^ š РЈ 
^ T ^ њи 
i л N ын 


x 


р x йг duo an (1.5 
— — РУЦИ 
vous ae E - 
. : 
* 


7-26 


CONFIDENTIAL 


й 4 
това —— . — . — . —— 


— —— 
i 
be 
* 
— залан = 


S ed А 4 
: 1 Y 
l... at 
7; 
: 


BORFIDERTIAL 


3. Establish procedures to insure receipt of M16 training 
for men on intertheater transfer to Vietnam. 

USARV requires all replacements to complete the same M16 
training program. Since many untrained replacements have arrived in 
Vietnam, it is appropriate that two training programs be operated: 
the present one for most men and another and more intensive 


one for the totally untrained. 


Unit armorers often lacked formal training and adequate knowledge 


of M16 rifle maintenance. Provision should therefore be made for 
additional training for armorers, perhaps through divisional 
schools or mobile training teams from the lst Logistical Command. 
Men tend to clean their rifles two to three times more fre- 
quently than they clean their magazines, yet corroded or dirty 
ammunition and defective magazines seriously reduce rifle UM 
ness. Unit maintenance inspections should emphasize care of the 
entire rifle system. 
Adequate quantities of repair parts and cleaning materials 
and equipment were found to be generally available in Vietnam. 
However, unbalanced distribution among depots has occasionally 
resulted in temporary shortages which have affected rifle mainte- 
nance. The causes for this maldistribution should be identified and 


then procedures to achieve optimum distribution instituted, 
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Although indivicuals usually test fired their rifles, the 


nature and frequency of such firing varies widely among and within 


units. Test firing, when properly performed, will increase weapon 


PR p ei PENAS iW 


reliability, and significant improvement in rifle effectiveness 
will be achieved by: 

1. Isolation of defective rifles and magazines through 
periodic test firing by individuals in a combat zone. The Project 
Manager, Rifles, should develop a standard test firing procedure 
for this purpose. 

2. Continued command emphasis upon the importance of fre- 
quent and properly conduc*ed test firing. 


Greater zeroing effort is required, particularly within 


ЁС 


maneuver battalions. The average frequency of zeroing was every 


4.96 months and 10 percent of the men had never zeroed their 


PETS e ds Ол ФИР 


de 
i 


rifles. Zeroing increases both hit probability and user confidence 


heit 


in the rifle. It also stimulates the appropriate use of aimed 
fire. Verification of zero should be integrated with test firing, 
since any object that can visibly register hits may serve as a 


target. 


- 


Current performance and acceptability data indicate: 


1, The Ml6's high rate of lethal fire and light weight are 


ANM 
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qualities particularly suitable for the war in Vietnam. 
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2. Failures to extract still occur with enough frequency to 


5% 


reduce confidence іп the М16, and these failures have several 
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causes. Besides inadequate maintenance, such failures may result 
from pitted chambers, from defective parts, or from faulty control 
of ammunition case hardness. Consequently, both continued product 
improvement and user effort are necessary elements within any pro- 
gram to reduce the M16 reliability problem. 

3. Introduction of the chromed chamber appears to have 
reduced the number of failures to extract, but this improvement 
has not been fielded long enough to permit adequate evaluation. 

4. Most men armed with the M16 in Vietnam rated this rifle's 
performance high; however, many men entertained some misgivings 
about the Ml6's reliability. When asked which weapon they pre- 


ferred to carry in combat, 85 percent of the men indicated that 


5. А field malfunction reporting system should be established 
throughout USARV. While such a system does not produce reliability 
data with laboratory precision, it does permit analysis of mal- 
function trends and would contribute to further improvement in the 


reliability of the M16. 


one percent wished to carry either the Stoner rifle, the AK-47, the 


i 
! 
| 
{ 
! 
! 
| 28 
| The M14 was preferred by 15 percent, while less than 
| carbine,or a pistol. 
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they wanted either the M16 or its submachine gun version, the XM177. - 
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I. Abstract 

A field survey of men armed with the M16 rifle was conducted 
in Vietnam from 28 January through 5 February i968 as a part of a 
review of the M16 program presently under preparation within the 
Office of the Chief of Staff. This report is an extract from that 
review. 

The purpose of the survey was to evaluate measures already 
taken to improve M16 reliability, to identify current rifle problems, 
and to determine the general performance and acceptability of the 
system under combat conditions. All major Army units in USAAV 

. 
and one marine division were included in the survey sample. Two 
means were used to ccilect data: personal interviews and a 
questionnaire. 

The survey indicated that the M16 rifle system was suitable 


for the war in Vietnam. Particularly desirable qualities were its 


high rate of lethal fire and light weight. However, failures to 


extract were still occurring with enough frequency to undermine 
confidence in the M16. Although men generally preferred to carry 
this weapon in combat, some misgivings were entertsined about its 
reliability. Introduction of the chromed chanber appeared to reduce 
the number of failures to extract, but this improvement had not been 
fielded long enough to permit adequate evaluation. Many factors 
cause failures to extract, and continued product improvement and. user 


effort are required to improve reliability. 


СИ 


с __7_п" 11... ||“: 


COUFIDERTIAL 


II. Purpose and Scope 
Early in November of 1967, the Chief of Staff directed an 


intensive review of the entire M16 rifle program. Оп 8 November 
1967 the M16 Rifle Review Panel was convened within the Office 
of the Assistant Vice Chief of Staff and instructed to prepare 
a comprehensive history and evaluation of the M16 program, 
recommending further action as required. This panel then conducted 
a field survey of men armed with the М16 in Vietnam during 
the period 24 January through 5 February 1968 to collect data 
on the reliability, status of training, status of maintenance, 
and general overall effectiveness of the М16-М16А1 rifle system. 
The information gathered has permitted comparative evaluation with 
results obtained in earlier field surveys, and whatever insight 
has been gained from the comparison, as well as che facts collected 
during the survey itself, have been added to the overall history 
and review of the M16 rifle program. 

Specific objectives of the field survey were to 

1. Determine the extent of corrective action previously 
taken to improve the reliability of the M16 rifle system. 

2. Identify current problems experienced with the M16 in 
the field. 

3. Evaluate the general performance and acceptability of 


the system under combat conditions. 
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III. Survey Procedures 


The panel used two means of collecting data: personal 
interviews and a questionnaire. 

The interviews were with men whose primary duties involved 
either rifle training or the logistical support of the rifle 
system, and with members of the chain of command within tactical 
units. 

The questionnaire (Section IV) was designed to provide in- 
Sight as to the reliability of the rifle system, the training of 
the men who used it, and the manner in which the system has been 
employed and supported. it was completed only by men armed with 
the M16. In an attempt to avoid bias or inhibition, no one was 
asked to place his name on the questionnaire and each individual 
was urged to base his responses only upon his own experience with 
the rifle. The questionnaire was administered by members of the 
survey team and by the 22d and 90th Replacement Battalions. The 
answers to many of the questions have permitted direct comparison 
with results of the field survey conducted by the Office of the 
Secretary of Defense from 24 August through 5 September 1967. 

The survey data is based upon responses from 2,021 men. 
Since the primary user of the rifle in combat is found within the 
infantry battalion, these units are heavily represented in the 


sample. One half (51 percent) of all men surveyed were from 
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infantry battalions and 681 (38 percent) had an LIE military 


TY 


occupational specialty (light weapons infantryman). 
To assure a fair representation of experience under the 
: variety of environmental conditions found within Vietnam all major 
units were included in the survey. (For the location of units, 


` see Section V.) The distribution of responses by major unit was: 


FF 


Number of 
Major Unit Questionnaires 


165 Infantry Division 109 
Ist Air Cavalry Division 143 
4th Infantry Division 51 
Sth Infantry Division 1 419 
25th Infantry Division 80 
Americal Division 285 
1915Е Airborne Division 63 
Separate Brigades (173d and 199th) - 54 
Other USARV Units 693 
Ist Marine Division 124 
Total 2,021 
Survey tear embers selected were those men on the Department 
of Army Staff who were most intimately involved with and knowledgeable 
of the M16 rifle system, its training program, logistical support, 
product improvements, and reliability problems. The team composition 


is listed in Section VI. 


The survey team intended to c: > each major unit in 
Vietnam. The Communist TET offer-ive created a turbulent 
military situation and shortages of aircraft which reduced the 
number of units that could be directly contacted during the 
survey. A broadened survey sample was achieved by administer- 
ing questionnaires at replacement battalions to individuals 
who were returning to the United States, having just completed 
their Vietnam tours. 

Information of immediate command interest derived from data 
collected by the team was provided to the commanders concerned 
during exit interviews. In those instances when corrective 
action was appropriate, measures to relieve the situation were 


immediately initiated by the chain of command. 
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ТУ. uestionnaire 


M16A1 Rifle Field Survey, Republic of Vietnam 
January - February 1968 


What is your unit? (Division or Separate Brigade) қ У 


e 
Mp 


Grade How many months in Vietnam 5 


T 


ac 


Where from if not CONUS MOS Duty Position қ 
(564 Ldr, Rifleman, etc.) 


б ; 5 
E SRA да мр 


1. Which of the following weapons have you used in combat? 


. 
ши 


а. M14 ; b. M16 w/o new buffer or chrome chamber ; 


available in the unit? 


с. M16 w/new buffer only ; d. М16 w/new buffer and chrome 3 

chamber š 3 

2. Delete 5 

3. Did you receive formal M16 training before arriving іп КҮМ? 3 2 

Yes ; No. Since arriving in КУМ? Yes ; No E 

4. If you received fromal M16 training, how many hours did you ч 

receive: E 

Before Coming a 

to RVN In RVN 3 

1 р E 
a. Mechanical training . 

b. Range firing E 

=> эй 

| с. Tactical live fire exercises > 
| a 
i 5. Do you have the following cleaning materials or are they H 
| 
i 34 
| А 
< xj 


Cleaning rod e. Patches 


b. LSA lubricant f. Pipe cleaners 


Chamber brush Bore cleaner 


Bore brush 


6. Do you normally carry any of the following with you оп combat 


operations? 
Yes No Yes No 
a. Cleaning Rod 2 e. Patches = 
b. LSA lubricant БУ? Е. Pipe cleaners > 5 
c. Chamber brush g. Bore cleander 


d. Bore brush 


If so, how do you usually carry them? 


7. Is your rifle equipped with: а. New buffer? Yes ; No T 


(How long _wks); b. Chrome plated chamber? Yes ; №  . 
(How long? wks). 
| 8. When was the last time you zeroed your M16? ___ wks ago. 


9. How many rounds of 5.56 ammo do you normally carry on operations? 


12, Have you ever experienced a failure of the bolt to lock on 


2 


m 


ball |  ; tracer — . 
5 | 10. Do you lubricate your ammo? Yes ; No 
zi 
Ч . 11. When was the last time you received instruction on the саге 
3 and cleaning of: а. The M16 (day, month, year); 
E b. Its ammunition (day, month, year); 
d c. Its magazine (day, month, year)? 
| 5 


the M16? Yes __; № . If so, how many times? . 
13. Have you ever used the BOLT ASSIST? Yes ; № . If 


yes, what percent of the time did it clear the problem? 
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14. How many magazines do you normally carry on operations? 
15. In combat, what percentage of the time do you use the full 
automatic mode of fire ; semiautomatic mode of fire . 
16. When using the full automatic mode, what percentage of time 
do you fire in short bursts (2-3 rounds) ; in long bursts 
(10-20 rounds) 7. 

17. What is largest number of rounds you have fired in any one 


day of combat? rcunds. 


18. Have you been issued a card with care and cleaning instructions 


for the M16? Yes ; No . If so, do you still have it? 
Yes ; No 5 4 
19. Does your unit test fire individual weapons? Yes ; No 5 


20. ТЕ the answer to 19 is yes, is a regular schedule prescribed? 


Yes $ No . I£ yes, please explain the scheduie š 


21. To the best of your recollection, how often have you cleaned 


your М162 4 


22. Ном many rounds do you usually load in a magazine? _____ rounds. 
23. Approximately how many rounds have you fired with the M16 

during the past four months? 0-500 _ _, 500-1000 „ 1000-1500 
1500-2000 , more than 2000 


24. During the past four months, did you experience a failure 


x to extract? Yes ; No . If yes, how many times? times, 
i 
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25. Have you, during the last four months, had problems with a 


round sticking in the chamber when it was left for periods of: 


0-8 hours Yes ‚ № ; 9-16 hours Yes „ №  ; 17-24 


hours Yes , No š 
26. Does your unit have weapons inspection? Yes ; No 3 
lf yes, how many times a week? . Who inspects the weapons? 


Fire team ldr, Sqd ldr, Plat sgt, Plat ldr, CO? (Circle one). 
Does your unit inspect magazines and ammo? Yes — No 
27. Approximately what percentage of the ammo that you fire in 
combat is tracer? %. 


28. Give to the best of your recollection, how often you cleaned 


your magazines and ammo. . 

29. Which of the following do you prefer as your individual 
weapon? M16 ; M14  ; M16 Commando (ХМ177Е1 SMG) ___; Other 
___- (specify). 


30. What do you like about the Mlo? 
31. What do you dislike about the M16? 


32. Additional comments 
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Headquarters, Department of the Army 
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U.S. Army, Vietnam Project Officer 


COL J. T. Price 
M16 Project Officer 
G-4 Section 
Headquarters, U.S. Army, Vietnam 


Team Members 


LTC Neil С. Nelson 
Directorate of Individual Training 
Deputy Chief of Staff for Personnel 
Headquarters, Department of the Army 
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VII. Itinerary Within Vietnam 
(24 January - 5 February 1968) 


Headquarters USARV 24 January 


Headquarters USARV 
ist Logistical Command 25 January 


9th Infantry Division 26 January 2 
9th Infantry Division 27 January 


Ist Logistical Command 
90th Replacement Battalion 28 January 


Headquarters MACV 
90th Replacement Battalion 29 January 


22d Replacement Battalion 30 January 
Americal Division 


Americal Division 31 January 
Headquarters 111 Marine Amphibious Force 1 February 


lst Marine Division 2 February 
3d Marine Division 


lst Marine Division 3 February 
3d Marine Division 


Headquarters USARV 4 February 
90th Replacement Battalicn 


Headquarters USARV 
Headquarters MACV 


5 February 
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VIII. Analysis of Survey Data 


General 
All findings are based upon the results of personal interviews 
| and data collected from questionnaires. 
Display and analysis of questionnaire data were simplified 
through the use of a SUMX computor program. (Frequency distributions 
` of each questionnaire item are contained in Section X.) The SUMX 
program was also used to produce a series of matrixes which relate 
responses to one item with those of another. (Items examined through 
this technique are listed in Section XI.) 


Maior Unit Comparisons 


Cleaning frequency and unit maintenance inspection data shown 


in Table 1 reflect that: 


1. Men tended to clean their rifles two to three times more 


frequently than they cleaned their magazines and ammunition. This 
tendency was encouraged through unit maintenance inspections, which 
also-emphasizedthe rifle rather than the entire rifle system. 


2. Frequency of cleaning was generally greater among units 


mE 


that conducted more maintenance inspections. However, other factors 


also influencedcleaning frequency, for example, how often the rifle 


was fired and the user's anticipated need for a reliably functioning 
- rifle. Nontactical USARV units, for example, cleaned less frequently 


than the theater average, despite a higher tnan theater average 
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unit maintenance inspection level. The opposite behavior was 
observed in the Americal Division where cleaning frequency was 
relatively high and unit inspections infrequent. 

Review of information regarding lubrication of ammunition, 


test firing, and the buffer retrofit program (Table 2) indicates: 
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1. One quarter of all men armed with the M16 lubricated their 
ammunition - a practice contrary to all published directives. 
(During the survey over-use of LSA lubricant on the rifle and am- 
munition appeared to decrease as the survey team traveled north- 
ward from the Delta to the demilitarized zone. The general climate 
was dryer in the north.) 

2. Most individuals test fired their rifles. The lowest 
incidence ot test firing was among nondivisional USARV units and 
separate brigades. 

3. The buffer retrofit program was not complete (84 percent of 
those surveyed indicated they had new buffers) at the time of 
the survey, although units within USARV had reported 100 percent 
completion of this program during November 1967. 

The following conclusions have been drawn from ammunition 


е consumption data and М16 training information: 
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1. The theater ratio of ball to tracer ammunition for men 
armed with the M16 was 4:1. This ratio varied appreciably among 
- units (unit averages were a product of even wider differences among 


individuals, with many men firing 100 percent tracer). 


2. All men armed with the М16 had not received formal rifle 
training in-country (28 percent of the men surveyed indicated that 
they had not received this training). Percentages of men receiving 
training varied appreciabiy among major units. The low percentage 
(61 percent) in the Americal Division was partially due to responses 
from members of its llth brigade, which had been in-country two 
months and was not required to precess personnel through the divisional 
replacement training center upon arrival in Vietnam. 

Major unit statistical data regarding .eroing (Table 4) and 
failures to extract (Table 5) indicate that: 

l. Zeroing cf rifles varied appreciably among units (the 
percentage of men who have not zeroed in the 25th Infantry Division 
was three times greater than that of the lOlst Airborne Division). 
Differences among units with respect to personnel turbulence 
and rate of weapon exchange also contributed to differences in 
zeroing history. 

2. Failures to extract have occurred with enough frequency to 
reduce confidence in the M16. The lst Marine Division had the 
highest incidence of this failure (an average of 7.0 failures per 
man reporting failures within the last four months). Close com- 
parison of failures to extract among units could not be made without 
more accurate information about unit 5.56mm ammunition consumption 


rates than the survey produced. 
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TABLE °.. LUBRICATION OF AMMUNITION, TEST FIRING 8 BUFFER RETROFIT BY UNLTL/ 


ACTIVITY 1 
UNIT LUBRICATION OF AMMUNITION TEST FIRING BUFFER RETROFIT 


(% Indicating Ammunition (% Indicating They DO (% Indicating They HAVE 
is NOT Lubricated) Test Fire Rifles) New Buffer Installed) 


lst Inf Div 96% ( 107) 937, ( 109) 
Ist Air Cav Div 84% ( 128) 872, (142) E 
ath Inf Div 79% ( 43) 69% ( 51) | 
9th Inf Div 85% (402) | 85% ( 419) 
25th Inf Div ва сто 89% ( 80) 
Americal Div 87% ( 281) 93% ( 283) 
lOlst Abn Div 95% 0.61) 787, ( 63) 
Sep Brigades = 
(1734 & 199th) 73% ( 52) 937 ( 54) 3 
ther USARV Units 74% ( 631) 78% ( 693) 3 
lst Marine Div 922 C124) 93% C124) 
THEATER AVERAGE 77% (1922) 82% (1911) 847, (2018) 


1. Numbers contained within parenthesis are total men responding to the question. 
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TABLE 3. AMMUNITION CONSUMPTION & M16 TRAINING IN VIETNAM BY UNIT 


ACTIVITY 


AMMUNITION CONSUMPTION 
(Consumption Ratio by Type Ammunition) 


TRACER BALL TO TRACER RATIO 


Ist Inf Div 78% ( 
lat Air Cav Div 74% ( 
4th Inf Div 76% ( 
9th Inf Div 85% ( 
25th Inf Div 68% ( 
Americal Div 61% ( 
1018: Abn Div 77% ( 
Sep Brigades 69% ( 
(1734 8 199th) 

Other USARV Units 63% ( 
Ist Marine Div 89% ( 


THEATER AVERAGE 


807 207 4.0 : 1 (2021) 
FFF 


1. Numbers contained within parenthesis are total men responding to the question. 


72% (1798) 


FORMAL M16 TRAINING IN VIETNA 
(% Indicating Training WAS 
Received in Vietnam) 


107) 
128) 
45) 
377) 
78) 
241) 
53) 
49) 


592) 


123) 
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TABLE 4. ZEROING HISTORY BY UNIT 


ZEROING HISTORY 


Total Men 
Responding 
to Question 


UNIT 


Zeroed Over 
3 Months Agol/ 


Zeroed W/in 
Last 3 Months! 


Never Zeroed 


607, 61) 


ist Inf Div 


Ist Air Cav Div 412 54) 100% ( 131 

ath Inf Div 69% 33) 100% ( 48 E 
9th Inf Div 652 251) 1007 (386 E 
25th Inf Div 19% 14) 100% ( 75 3 
Anerical Div 64% 174) 1002 ( 270 d 
10156 Abn Div 73% 43) 100% ( 59 
Sep Brigades 355 (200 10 ( 44 3 
(173d & 199th) E! 
Other USARV Units 50 — (300 100% (603 


87% ( 104) 


E 
102 (180) 58% (1058) 332 (598) (1835. E 


Ist Marine Div 1002 (119 


THEATER AVERAGE 


1. Direct comparison among units is misleading since the average length of time in country varie, 
among units. р 


TABLE 3. FAILURE TO EXTRACT BY UNIT 


UNIT 


14: Inf Div 

ist Afr Cav Div 
Sth Inf Div | 
9th Inf Div 

25th Inf Div 
Anerical Div 
10186 Abn Div 


Sep Brigades 
(1734 5 199th) 


Other USARV Units 


Ise Marine Div 


THEATER AVERACE 


FAILURE TO extractl/ 


Average №, of Total Men 

Z Indicating 2 Indicating One Fatiures (Per Нап Responding 
№ Failures or More Fatlures Reporting Failures) to Question 
68% € 64) 32% (30) 1007, ( 94) 
557 ( 63) 452 ( 52) 1002 ( 115) 
68% ( 25) 321 C 12) 100% ( 37) 
$6% ( 135) 44% (104) 100% ( 239) 
54) 27% ( 20) 1003 ( 74) 
64) 45% С 52) 1003 ( 116) 
23) 56% ( 29) 100% ( 52) 
43% ( 21) 100% ( 49) 
76% 207 (136) 100% ( 568) 
Сы (37) 48% C) 100% ( 7D 
1002 (1413) 


1. Occurring w/in last four months 
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M16 Training 


Training before Vietnam. 

A total of 23 percent of all men questioned who came direct 
from the Continental United States indicated that they had received 
no formal М16 training prior to arrival in Vietnam (Table 6). Of 
those men from ail other theaters, 73 percent stated they had 
not received such training before arrival (Table 6). The pro- 
nounced tendency for non-CONUS replacements to be untrained was 
to be expected since М16'$ were not generally available for training 
outside of the CONUS training base (84 percent of all men indicating 
they were non-CONUS replacements were from units in Germany). 

How serious the lack of M16 training for men prior to their 
arrival in Vietnam depends upon how these men are employed after 
their arrival. Of those men who indicated they had not received 
any formal M16 training prior to arrival in Vietnam examination 
by MOS (Table 7), duty position (Table 8), and grade (Table 9) 
Ê that: 

1. Мапу of the men untrained оп the М16 before their arrival 
in Vietnam were assigned to infantry battalions (35 percent of 
untrained men noted in the sample had MOS's common to infantry 


battalions). 


2. А significant number of men in this group were in grades 


and duty positions that required them to have detailed knowledge 
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of the rifle to meet their supervisory responsibilities (16 percent 
of this untrained group were either fire team leaders, squad leaders, 
or platcon sergeants ari 80 percent of them were in grades E-4 
through E-6). 

3. The tendency of men in this M16 untrained-before-Vietnam 
group to be leaders was even mcre pronounced among non-CONUS 
replacements (22 percent of non-CONUS M16 untrained men were either 
fire team leaders, squad leaders or platoon sergeants and 75 
percent were in grades E-4 through E-6). 

Although a high percentage of men indicated they had not 
received any M16 rifle training before arrival in Vietnam (24 


percent), there is good reason to believe that this problem will be 
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| reduced significantly in the near future. Examination of the 


untrained-before-Vietnam group by deployment month (Table 10) 


reveals a pronounced trend toward reduction of the numbers of men ES 


we 


slipping through without M16 training (only 4 percent of the men 
deploying during October 1967 - January 1968 indicated they were untrained). 


Training in Vietnam. 


All men armed with the M16 had not received formal rifle 
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training in-country (28 percent of the men surveyed said they had 


not received this training). Percentages of men receiving М16 


training varied appreciably among major units (Tabie 3). 
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USARV М16 training policies and procedures did not distinguish 


among replacements by theater source or by the amount of rifle 


training men have received before their arrival in Vietnam. The 


number of untrained replacements which have arrived in Vietnam 


suggests consideration of two training programs, the present one 


for most mer and another more intensive one for the untrained. If 


two programs are not established, then, as a minimal measure, a 


system should be used which guarantees that the untrained replacements 


will have a higher probability of receiving in-country training than 


those with previous training. 


Adequate training policies, guidance, and directives have been 


published by Headquarters, MACV, and Headquarters, USARV. These 


directives were not consistently available among units conducting 


replacement training at the time of the survey. 
M16 training observed at divisional replacement centers did E 


not always comply with MACV or USARV training directives. 
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Unit Armorers 
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Many unit armorers lacked formal training and adequate knowledge 


of М16 rifle maintenance. As a result of this failing, many rifles 


that properly should have been repaired by the unit armorer (a rifle 


with a broken extractor, for example) were turned in by the rifleman and 


repaired at a higher echelon. Other unit armorer duties, such as 
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periodic lubrication of detent springs, were often neglected. 
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i TABLE 6. №16 TRAINING "BEFORE" VIETNAM BY THEATER SOURCE 


THEATER SOURCEL/ 
CONUS NON-CONUS 


27% (12) 


M16 TRAINING 
BEFORE VIETNAM 


YES 772 (1506) 76% (1518) 


23% ( 445) 73% (32) 24% ( 477) 


100% (1951) | 100% (44) 


1. Percentages apply only to responses of YES or NO. 
There were 26 non-responses - all by men from CONUS. 


100% (1995) 


TABLE 7. THEATER SOURCE BY MOS FOR THOSE NEN WHO INDICATED 
3 THEY HAD ХОТ RECEIVED AMV FORMAL M16 TRAINING 
PRIOR TO ARRIVAL IN VIETNAM 


THEATER SOURCE 
CONUS NON-CONTS 


11B (Light Wpns 
Infantryman) 


116 (Inf Indirect 
Fire Crewzan) 


-11D (Armor Intel 
Specialist) 


116 (Inf Senior 
Sergeant) 


11H (Inf Direct 
Fire Crewran) 


318 & Е (Radio 

р - Mech & Сош- 
munication 

Chief) (13) 


36A (Wireman) 


64a, B& C 
(Drivers) 


(3) 


(15) 
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714 & B (Clerk 5 
- } ` Clerk Typist) 


(9) 
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76K (Gen Supply 
Specialist) 


- (о) - (0) 
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94А & В (Cooks) 3% (15) (2) 


= All Other Enl 67% (300) 44% (14) 


€1% (2) - (0) 
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1542 (Inf Off) 
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TABLE 8, THEATER SOURCE BY DUTY POSITION FOR THCSZ МИР WHO 
INDICATED THEY HAD XOT RECEIVED ANY FORMAL M16 
TRAINING PRIOR TO ARRIVAL IN VIETNAM 


THEATER SOURCE 
CONUS NON-CONUS 


53% (17) 


DUTY POSITION TOTALS 


Other or 
, No Response 


Riflenan 167. 


Grenadier 

Auto Rifleman 
Fire Team Ldr 
Squad Ldr 12 (50 
Разтооп Sgt 


Elat Ldr/CO 


АТО/Уїгепсап | 


armorer 412 ( 1) 3 
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1002 (445) 1003 (32) 
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| TABLE 9. THEATER SOURCE BY GRADE FOR TEOSE MEN WHO INDICATED 
! THEY HAD NOT RECEIVED ANY FORMAL M16 TRAINING 23 
! PRIOR TO ARRIVAL IN VIETNAM 124 
| 5 THEATER SOURCE HE 
1. рэн 22 : 5 
| И 
Other ог 2 
2 : No Response 22 ( 8) : 24 
| i Е-1 thru E-3 162 ( 77) 
ү | =u Е-& 45% (221) 
i 
i E-5 27% (129) 
| ёс . Е-6 75 (33) 
E E-7 thru Е-9 12 ( 5) 


0-1 thru 0-4 
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TABLE 10. RECEIPT OF FORMAL M16 TRAINING BEFORE ARRIVAL IN VIETNAM 


MONIH OF 
DEPLOYMENT 


BY DEPLOYMENT MONTH 


RECEIPT OF FORMAL M16 TRAINING BEFORE VN 
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Maintenance and Supply 


Adequate quantities of repair parts, cleaning materials and 


equipment were generally available in Vietnam. However, unbalanced 


distribution among depots occasionally resulted in temporary 


Т 


T 


Shortages which affected using units. For example, some units 


TNT 


reported shortages of bore brushes with due-ins over two months 
old, while the theater had not been totally out of stock since 
November 1967. 


Cleaning macerials such as the cleaning rod, lubricant, brushes, 


and patches, were generally available to the rifleman and he usually 


carried most items with him in the field (see questions 5 and 6, 


Section X). Pipe cleaners and bore cleaner, however, were often 


not available. 

Unit armorers frequertly did not accompany units into the 
field and as a consequence, fieid repair of weapons was neglected. 
Greater use of contact teams would reduce this problem and would 
also compensate for lack of skill among unit armorers. 

The quality of maintenance by the rifleman was directly 
influenced by the degree of supervisory emphasis placed on care and 
cleaning within the unit. Hen tended to clean their rifles two to 
three times more frequently than they cleaned their magazines and 


ammunition (Table 1). This trend was encouraged through unit maintenance 
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inspections which also emphasized the rifle rather than the entire 
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rifle system. Additional information regarding cleaning frequency 
and unit inspections is displayed in questions 21, 26, and 28 of 
Section X. 

Survey data supports two product improvements presently 
under development. 

1. The desire for magazines of greater capacity than 20 
rounds was frequently expressed. 

2. On-weapon storage capacity for cleaning materials is 


required. This was demonstrated by the data contained in question 


6h of Section X, which indicates that there was no means generally 
satisfactory to the rifleman for carrying these materials. 
Reliability and Acceptability. 

Failures to extract still occurred with enough frequency to 
reduce confidence in the М16. (Table 5) Among those men sur- 
veyed, 35 percent had experienced at least one such failure within 
the previous four months (the average number of reported failures 
was 4.8). Attempts. to establish a statistically significant cor- 
relation between failures and such possible causes as cleaning habits, 
overlubrication, and the extent or recency of the user's mechanical 
training were unsuccessful. The fact that it has been impossible 


to statistically isolate the causitive factors from field survey data 


ТЭ 


suggests that failures to extract were caused by more than one 


AUAM 


variable. That is, the problem was not with maintenance, ammunition, 
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or defective parts alone but was rather а combination of several 


variables. Consequently, system reliability can be improved only 


ШИШ 


by continued product improvement and user effort. 
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А total of 42 percent of those surveyed indicated they had 
experienced at least one failure to lock. (Of those reporting this 
failure, the average number of failures was 5.3; see question 12, 
Section X.) 

Half of the men reported having used the bolt assist and most 
of these (69 percent) indicated that use of the bolt assist had 
cleared the malfunction. (See question 13, Section X.) 

Data relating to weapon performance and acceptability are shown 
in the answers to questions 29, 30, and 31 of Section X. In general, 


men armed with the M16 in Vietnam rated this rifle's performance 


high. Most frequent ly lauded were its light weight and its firepower. 
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However, many men entertained some misgivings about the М16'5 relia- 


bility (33 percent of the men surveyed made adverse comments on 


either the rifle s sensitivity от its reliability). When asked 
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what weapon they would prefer to carry in combat, 85 percent indicated 


that they wanted either the M16 or its submachine gun version, the 


XM177E1-2. The Office Secretary of Defense field survey conducted 


five months earlier reported: "Less than one half of one percent of 


of all personnel interviewed stated that they would exchange their 
М16 for another rifle." This difference in acceptance figures may 
reflect differences in data collection techniques, The Office 
Secretary of Defense survey derived its 99.5 percent acceptance 
figure from personal interviews, primarily of leaders, rather 

than from anonymous questionnaires completed by everyone armed with 
the weapon. While the 85 percent acceptance figure obtained by this 
survey does not show a particularly high leve! of confidence 

in the M16, continued introducticn of the chrome chambered model, 
with its expected lower incidence of failures to extract, should 


improve user соп і‹ псе. Мапу men who had recently received an 
р y 


M16 with a chr ne chamber indicated that the rifle was significantly ` 


more reliable than earlier models they had used, 
General Usage. 

Test firing data displayed in Tables 2, 11, and 12 indicates: 

1. Ехбепе of test firing varied appreciably among units (this 
is an activity strongly influenced by unit standard operating 
procedures and command emphasis). 

2. A greater percentage of leaders, from fire team tc platoon 
level, test fired than men within the rifle squads. (This fact 
suggests that leaders know what should be done bvt do not always 


insist upon performance from their men.) 
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3. Maneuver battalions test fired more than cther units - s 


87 percent of personnel in maneuver battalions indicated that they 


test fired a« compared to 77 percent in other units. 
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Zeroing information contained in Tables 4, 13, 14, and 15 : 3 

š reflect: | i 
| 1, Within the theater, 10 percent of the men armed with the ! 
| М16 had never zeroed their rifles. Ап additional 33 percent had | | 
not confirmed their zero within three months. (USARV quarterly Е 

training re rements include zeroing of rifles.) | | 

2. There was по significant difference in zeroing trends by 3 


duty position. 


3. The need for zeroing was particularly pronounced within 
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Maneuver battalions. Despite the fact that zeroing was done more 


фун, 


frequently in maneuver battalions (see question 8 in Section X), 
12 percent of the men in these battalions had never zeroed as 
compared to 8 percent in ather units. A rapid turnover in men 
and more frequent exchanges of weapons probably contributed to 


the greater need for zeroing within maneuver battalions than in 


other units. 


4. The zeroing history of men who have completed their 12 


month tours in Vietnam is shown in Table 15. This table permits a 


more accurate evaluation of zeroing frequency, since the total 


sample contains men with various lengths of time in Vietnam. Table 
15 indicates that 10 percent of all men never zerced, about half zeroed 
quarterly (according to USARV directives), and about one-fourth 
zeroed when their weapon was issued at the beginning of their tour 
and never thereafter. 
The average ammunition load carried was from 39 to 41 normal 
| consumption days of ammunition. Variance in the amount of ammuni- 
tion carried was quite pronounced (loads varied from seven to over 
40 magazines). Although user estimates of ammunition consumption 
tend to be inflated, the survey data displayed in Table 16 support 


the judgment that men carry more ammunition than they need. 
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Most men loaded 18 rounds in their magazines (the theater average 


is 18.3 rounds). 


The consumption ratio of ball to tracer ammunition varied 
appreciably among units (Table 3) and unit averages were a product 
of even wider differences among individuais, with many men firing 
100 percent tracer. 


Men estimated that they used the automatic mode of fire about 


34 percent of the time and that about 60 percent of their automatic 


fire was expended in short bursts. 
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TABLE 11. TEST FIRING BY DUTY POSITION 


L/ 
DUTY POSITION TEST FIRING 
(7, Indicating They DO Test Fire Rifles) 


Other or No Response (1013) 
Rifleman ( 361) 
Grenadier 
Auto Rifleman 
Fire Team Ldc 
Squad Ldr 
Platoon Sgt 
Plat Ldr/CO , 


RTO/Wireman 


Armorer 


THEATER AVERAGE (1911) 


1. Numbers contained in parenthesis are total men responding to the question. 


TABLE 12, TEST FIRING BY TYPE UNIT 


TEST FIRINGL/ 


T E D 
УРЕ NEE (% Indicating They DO Test Fire Rifles) 


Maneuver Battalion 


Other 


THEATER AVERAGE (1910) 


1. Numbers contained in parenthesis are total men responding to the question. 
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TABLE 13, ZEROING HISTORY BY DUTY POSITION 
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ZEROING HISTORY 


i DUTY POSITION | Total Men 
Zevoed Win Zeroed Over Responding 
Last 3 Months 3 Months Ago to Question 
i — a 1 аш ЕЕ — ee ———v— 


Other or № Response 52% ( 501) 


Rifleman 677, ( 245) 1007 365 
Grenadier 50% ( 2) 1092, 4 


Auto Rif lena 897. ( 25) 1007 28 5 
Fire Tean Ldr 62% ( 63) 160% 102 E. 
Squad Ldr 59% (128) 100% 217 3 


Platoon Spt 


Plat Ldr/CO 


RTO/Wirenan 62% ( 61) 100% 99 

Armorer 1002, (3) 1007 3 

= THEATER AVERAGE 58% (1058) 100% 1836 

5 TABLE 14, ZEROING HISTORY BY ТУРЕ UNIT 
ZEROING HISTORY 

TYPE UNIT . Total Men 

- гетоса W/in Zeroed Over Responding 
Kever Zerocd Last 3 Months 3 Months Аро to Questioa 
| Mancuver Battalion 607, ( 573) 287, (267) 1002 952 
io us Other 552. (49 382 (334) 1007 87 
THEATER AVERAGE (180) ЕЕ 587 (1058) 332 (6017 1002, 18:,9 
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TABLE 15. 


TIME SINCE ZEROING 


(In Months) 


Never Zeroed 


X (Average Tine Since Zeroing) 


€ (Standard Deviation) 


4.96 months 
4.39 nonths 


10% 


ZEROING HISTORY BY NONTH FOR ONLY THOSE HAVING 
TWELVE MONTHS IN VIETNAM 
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TABLE 16.  AMMUNITION LOAD BY TYPE UNIT 


UNIT 


All Other 


258 rounds 


Theater 


&. Total Rounds Carried 1338 rounds 300 rounds 


b. Total Magazines 
Carried 


16.6 magazines} 11.3 magazines |14.0 magazines 
327 rounds/1/ 


day 


308 rounds/day : 3 


1293 rounds/ 
day 


с. Largest consumption 
ever experienced in 
a single day of соп- 
bat 


878 rounds 


750 rounds 


4. Total consumption 11040 rounds 
(within last 4 


months) 


6.25 rounds/ 7.32 rounds/day 


day 


8.67 rounds/ 
day 


! e. Average Daily cons ump- 
E tion(d 2 120) 


39 days 41 days 41 days 


Ауе Consunption Days 
(a + ë) 


| f. Ammunition Load: 
1 


0.79 4ау5 0.97 davs 


Мах Consumption days 
(a £ c) 


1. This figure appears to be ал inflated estimate made by men who are 
less experienced than those in maneuver battalions (it should be 
smaller than the battalion figure of 293 rounds.) 
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IX. Conclusions and Recommendations 

Policies and directives throughout Vietnam which govern M16 
training, supply, maintenance, and user care and cleaning were 
generally adequate. Continued command supervision is necessary 
to improve compliance with these directives. 

With the exception of Vietnam-oriented advanced individual 
training for infantrymen, all M16 training given to men prior to 
deployment should be improved. Many leaders were hampered in meeting 
their supervisory responsibilities by insufficient knowledge of 


the M16. Frequently, riflemen received either poor №16 training 


or none before they arrived in Vietnam. (Recently improved clearance 


procedures within the continental United States have reduced 
the numbers of men who deploy without rifle training.) In order 
to improve predeployment rifle training the following measures 
should be taken: 

l. Accelerate introduction of M16 rifles and M16 training 
for all men in basic combat training at the earliest possible date. 

2. Increase M16 instruction for supervisors in all schools 
producing junior leaders: for example, NCO refresher courses, 
officer candidate schools, and basic branch courses. 

3. Establish procedures to insure receipt of М16 training 


for men on intertheater transfer to Vietnam. 
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USARV required all replacements to complete the same М16 
training program. The large number of untrained replacements that 
have arrived in Vietnam suggest use of two training programs, the 
present one for most men and another and more intensive one for the 
totally untrained. 

Unit armorers frequently lacked formal training and adequate 
knowledge of M16 rifle maintenance. Provision for additional 
training, perhaps through divisional schools or mobile training 
teams from the lst Logistical Command, should be made. ° 

Men tended to clean their rifles two to three times more 
frequently than their magazines. Corroded or dirty ammunition 
and defective magazines seriously reduce rifle effectiveness. Unit 
maintenance inspections should emphasize care of the entire rifle 
system. 

Adequate quantities of repair parts and cleaning materials 
and equipment were generally available in Vietnam. However, 


unbalanced distribution among depots occasionally resuited in 


temporary shortages which affected rifle maintenance. Procedures 
to achieve optimum distribution should be instituted. 


Although individuals usually test fired their rifles, the 


2 


nature and frequency of such firing varied widely among and within 
units. Test firing, when properly performed, will increase weapon i 


reliability. Significant improvement in rifle effectiveness will 
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be achieved by: 

1. Isolation of defective rifles and magazines through 
periodíc test firing by individuals in a combat zone. Design of 
a standard test firing procedure to accomplish this purpose should 
be developed by the Project Manager Rifles. 

2. Continued command emphasis upon the importance of fre- 
quent and properly conducted test firing. 

Greater zeroing effort is required, particularly within 
maneuver battalions. The average frequency of zeroing was every 
4.96 months and 10 percent of the men had never zeroed their 
rifles. Zeroing increases both hit probability and user confi- 
dence in his rifle. It also stimulates the appropriate use of 
aimed fire. Verification of zero should be integrated with test 
firing, since any object that can visibly register hits may serve 
as a target. 

Performance and acceptability data collected during the 
survey indicate: 

1, The М16'5 high rate of lethal fire and light weight are 
yualities particularly suitable for the war in Vietnam. 

2. Failures to extract still occurred with enough frequency to 
reduce confidence in the M16. These failures apparently result 
from a variety of causes. Factors which could contribute are in- 
adequate maintenance, care and cl. . ing, and control of ammunition 


case hardness, or from pitted chambers, or defective parts. 
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Consequently, both continued product improvement and user effort 
are necessary. 

3. Introduction of the chromed chamber appeared to reduce the 
number of failures to extract. However, this improvement has not 
been fielded long enough to permit adequate evaluation. ` 

4. Most men armed with the M16 in Vietnam rated this rifle's 
performance high, however, many men entertained some misgivings 
about the Ml6's reliability. When asked what weapon tney preferred 
to carry in combat, 85 percent indicated that they wanted siter 
the M16 or its submachine gun version, the ХМ177Е1-2. (The M14 
was preferred by 15 percent, while less than one percent wished 
to carry either the Stoner rifle, the AK-47, the carbine or a 
pistol.) 

5. A field malfunction reporting system should be established 
throughout USARV. While such a system does not produce reliability 
data with laboratory precision, it does permit analysis of mal- 


function trends and would contribute to further improvement in the 


reliability of the M16. 


ТА 
~ 
229 


Fi 
А 
= 
= 
E: 
= 
x 
= 


шон ct 


m 


ЖИКИЛ dot PASS IP NE КЫЛТ MESS 


M 


КАШЫ 


] 
nhh 


M 


X. Frequency Distributions of Responses to Questionnaire 


A series of frequency distributions displaying all responses 


ДА TE 


to each item of the questionnaire were prepared to support the 
analysis. Each distribution is included in this section except 
where consolidation permitted an omission. Additional information 
is superimposed upon each of the inclosed distributions to assist 
in interpretation. (Instructions to assist interpretation of these 
distributions are contained on the initial distribution, page 44.) 


A listing of each frequency distribution prepared follows: 


Questionnaire Heading 


Where from (theater source) 


Major unit 


Af hi РА, doeet, 


Grade 
Months in Vietnam 
MOS 
. Duty position 
Questions 
1. Type and model of w^apon used. 
3.8. Was formal M16 training received before Vietnam? 
4 b. Was formal М16 training received in Vietnam? 
4.a. Hours mechanical training received before Vietnam 
b. Hours of mechanical training received in Vietnam 
с. . Total hours of mechanical training received before 


and in Vietnam. 


к 
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5.а. to g. Do you have cleaning materials (cleaning rod, LSA, 
chamber brush, bore brush, patches, pipe cleaners and bore cleaner)? 
6.a. to g. Do you carry cleaning macerials (a. to g.)? 
h. Where are cleaning materials carried? 
7.а. Receipt of new buffer 
b. Receipt of chrome chamber 


8.а. to c. Zeroing history (maneuver battalions, all other, 


and theater) 
9.а. Total ball ammunition carried 
b. Total tracer ammunition carried 
с. Total ammunition carried (ball and tracer) 
10. Lubrication of ammunition 
ll.a. to c. Weeks since instruction on care and cleaning 
of M16, ammunition, and magazines 
12. Number of failures to lock 
13.8. Use of bolt assist 
b. Percentage cf time use of bolt assist cleared proviem 


14.а. to c. Number of magazines carried (maneuver battalions, 


all others, and theater) 
15. Percentage of fire in fully automatic mode 
16. Percentage of automatic fire expended in short bursts 


17.4. to c. Largest number of rounds expended in a single 


day of combat (maneuver battalions, all others, a.d theater) 


š 
= 
= 
= 

= 


m 
Mta hd HAM 


Hu 


" 
| 


ЫШЫК 


ПИ 


M 


aet Реал e иш у bt ИШ, 


м 


— ИРА PN title, 


Г 
1 а 


| у ) 
— свиње о эн Ñ... энх фени стой —ꝓ— . — — 


П 


- 


cf 0-8 hours, 9-16 hours, or 17-25 hours 


18.a. Was care and cleaning card received? 
b. If issued, is card still in possession? 

19. Test firing of individual weapons 

20. Test firing schedule 

21. М16 rifle cleaning trends 

22. Number of rounds loaded in magazines 


23.a. to c. Total rounds fired within last four months 


(maneuver battalions, all others, and theater) 


- 


24. a. to с. Failures to extract (maneuver battalions, all 


others, and theater) 


25.a. to c. Do rounds stick in chamber when left for periods 
р 


26.24. Frequency of vait rifle inspections 
Ъ. Who conducts unit rifle inspections? 
с. Are unit magazine and ammunition inspections conducted? 
27. Amount of tracer ammunition fired 
28. Magazine and ammunition cleaning frequency 
29. Weapon performance 
30.a. to e. What do you like about the M16 system? 
31.4. to e. What do you dislike about the M16 system? 


32.a. to c. Additional comments 
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XI. Matrix Plots 


А series of matrix plots which permitted correlation of re- 


Sponses to two or more questionnaire items were prepared to support 


КОЙДЫ 


| the analysis. Tables 1 through 16 (Section VIII) were developed 
from these plots. A listing of each matrix print-out prepared 
i follows by subject area. 


Reliability 


1. Lubrication of ammunition vs failures to extract 
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; 2. Percent tracer vs failures to lock š 


3.a. Hours mechanical training (before Vietnam) vs failures 


to lock and extract 
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b. Hours mechanical training (in Vietnam) vs failures to 


lock and extract 
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c. Total hours mechanical training vs failures to lock and 


— 2 2 


extract 
4. Time since last trained on М16 vs failures to lock and 


extract 


حرف тенә. клы ымына инд‏ جه 


5. М16 cleaning trends vs failures to lock and extract 
6. Magazine and ammunition cleaning trends vs failures to 


lock and extract 
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7. Number of rounds expended within 4 months vs failures to extract 
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Supervision 
1. M16 cleaning trends vs unit inspections of M16 
e 2. Magazines and ammunition cleaning trends vs unit inspec- 
1 


tions of magazines and ammunition 
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Training 
1. Training received before arrival in Vietnam vs MOS 
2. Training received before arrival in Vietnam vs months 
in Vietnam 
3. ОЁ those not receiving training before arrival in Vietnam 
(Non answer on question ЗА) 
a. Theater source vs duty position 
b. Theater source vs MOS 
с. Theater source vs grade 
4. Of those receiving training before arrival in Vietnam 
("Уез" answer on question 3A) 
a. Duty position vs hours mechanical training before 
Vietnam 
b. MOS vs hours mechanical training before Vietnam 
c. Duty position vs hours range firing before Vietnam 
d. MOS vs hours range firing before Vietnam 
e. Duty position vs hours tactical training before 
Vietnam 
f. MOS vs hours tactical training before Vietnam 
5. Of those receiving training in Vietnam 
a. Duty position vs hours mechanical training in 


Vietnam 
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b. MOS vs hours mechanical training in Vietnam 

c. Duty position vs hours range firing in Vietnam 

d. MOS vs hours range firing in Vietnam 

е. Duty position vs hours tactical training in Vietnam 
Е. MOS vs hours tactical training in Vietnam 


6. Of those not receiving training either before arrival 
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in Vietnam or in Vietnam 
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Cleaning Materials 
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Of those having cleaning materials (es“ answer on question 


5a to g) 


1. to 7. Men who carry materials (a-g) vs MOS 
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| Zeroing : 
| 1, Zeroing history vs MOS 


38 2. Zeroing history vs duty position 


3. Zeroing history vs time in Vietnam $ 


4. Zeroing history vs type of unit (maneuver battalion 


and other) А j 
1. MOS vs ball ammunition load 
2. MOS vs tracer ammunition load 


3. MOS vs number of magazines carried 
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4. Type of unit (maneuver battalions and other) vs total 


ammunition load 
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General Usage 


i. MOS vs percent of fire expended in fully automatic 
2. MOS vs percent of automatic fire expended in short 


3. MOS vs largest number of rounds fired within 1 day of 


4. MOS vs percent tracer used 

5. Duty position vs percent tracer used 

6. Weapon preference vs MOS 

7. Test firing vs duty position 

8. Test firing vs type of unit (maneuver battalion and other) 
Major unit 

1. Major unit vs presence of new buffer 


2. Major unit vs zeroing history 


3. Major unit vs lubrication of ammunition 


4. Major unit vs test firing = 


5. Major unit vs M16 cleaning trends 
6. Major unit vs unit inspections of M16 
7. Major unit vs magazine and ammunition cleaning trends 


8. Major unit vs unit inspection of magazines and ammunition 
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9. Major unit vs percent tracer 
10. Major unit vs failures to lock and extract 


( ) 11. Major unit vs training received in Vietnam 
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APPENDIX 8 


А, Introduction 

This review 15 limited to the engineering development phase 
and operational phase of a small arms system life cycle; it deals 
with the rifle system from the time a decision is made by Headquarters, 
Department of the Army, to proceed from advanced development to 
engineering development to after the time when the rifle system is 
issued to troop units. The review discusses current and future 
organizational structure and management practices rather than those 
in effect when the M16-M16A1 rifle was adopted. (See Figure 8-1.) 

The actual number of organizational elements within the Army, 
that is the commands, staff activities, and operating agencies, 
that contribute to the development, testing, and product improve- 
ment of small arms rifle systems 13 surprisingly large. In addition 
to the principal Department of the Army staff agencies, such as 
the Assistant Chief of Staff for Force Development (ACSFOR), Chief, 
Research and Development (OCRD), Deputy Chief of Staff for Logistics 
(DCSLOG), and Deputy Chief of Staff for Personnel (DCSPER), the 
U.S. Continental Army Command (USCONARC), the U.S. Army Combat 
Developments Command (USACDC), and the U.S, Army Materiel Command 
(USAMC) as well as their subordinate commands to include the CDC 
Experimentation Command (CDCEC), Institute for Land Combat (ILC), 


Institute of Systems Analysis (ISA), Combat Arms Group (CAG), 
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Combat Services Support Group (CSSG), Weapons Command (WECOM), 
Project Manager, Rifles (PM-RS), Munitions Command (MUCOM), Test 
and Evaluation Command (TECOM), Ballistic Research Laboratories 
(BRL), Human Engineering Laboratory (HEL), and their included agencies, 
boards, arsenals, armories and laboratories all contribute in one 
respect or another to the development and testing of small arms 
systems, 

The trigger that initiates engineering development is the decision 
issued at the DA organizational level, and the forces that push 
the work are the management practices used by the participating 
organizations. Some of the management techniques and organizations 
concerned with small arms are currently being revised in accordance 
with changes recommended by the DA Board of Inquiry on the Army 
Logistics System and approved by the Chief of Staff, Army. 

This discussion vill include the current organization and manage- 
ment used in the development, testing, and product improvement of 
small arms systems, as well as changes to the organizational structure 
and management practices under consideration which are in the planning 
stage. Because the М16-М16А1 rifle system has been classified as 
Standard А, the only parts of this discussion that pertain to the 


М16А1 system are the proposal, testing, and adoption of product 


improvements, 
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B, Present Army Organizational Structure 

The organizations having a primary role in the development, 
testing, and product improvement of rifle systems are identified 
below. Each contributes to the cycle in its own functional area 
(see Figure 8-2). А more detailed review of these commands and their 
Specific staff elements is included in Inclosure l to this appendix. 

Department of the Асту approves requirements; authorizes, 
approves, and monitors developments, selected tests, and product 
improvements; and budgets for these actions. Headquarters, Department 
of the Army, also manages the Army Small Arms program. 1^ 

USACDC prepares the requirements for the rifle system, the doctrine 
that guides the employment of the system and the organizational basis 
within which the system operates.  USACDC also monitors the development 
of the system and any product improvements thereto, and approves 
the service test plan of the system.2/ USACDC represents the user 
in all of these actions, The subordinate USACDC groups, agencies, 
institutes, and the Experimentation Command contribute to the prepa- 
ration of the USACDC position through detailed work, studies and 


experimentation. 


1 AR 10-5, Organization and Functions, Department of the 
Army, Aug 66. 


2 AR 70-10, Draft, Test and Evaluation During Development and 
Acquisition of Materiel, Feb 68. 
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USAMC acts as the developer, tester, and product improver of 

rifle systems, to include the testing of product improvements. 

In order to centralize the management of rifle systems, the Commanding 

General, USAMC, appointed a project manager for rifle systems.3/ 

The project manager, in turn, plans, directs, and controls the tasks 

assigned to USAMC subordinate commands and civilian contractors, 
USCONARC is responsible for participating in combat developments 

and monitoring materiel developments pertaining to individual and 

unit training, for the combat readiness of assigned troop units, 

and for advice, assistance, and direct support to the Commanding 

Generals of USAMC and USACDC in these атеаз.4/ In addition, USCONARC 


is responsible for participating in the development of human factors 


engineering programs in support of rifle systems development .2/ 


3 AR 70-17, System Project Management, Nov 65. | 


4 AR 10-7, Organization and Functions, U.S, Continental Army | 
Command, Jan 68, 1 


5 AR 602-1, Man Materiel System, Human Factors Engineering, 
Mar 68. 
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С, Management Practices 

This section identifies and briefly describes the present 
Management practices used by the Department of the Army in the 
development, testing, and product improvement of small arms weapons 
systems, The primary aspects of management examined are planning, 
controlling, and directing. The discussion is limited to examination 
of how the management practices are designed to operate; how the 
practices actually operate is reviewed in the next section, 
Recommendations of study groups and boards that have been approved 
by the Chief of Staff, Army, are considered to be official U.S, 
Army policy even if the approved recommendations have not yet been 
published in Army regulations, 
Planning 

The process of planning encompasses the definitions of goals, i 
the determination of resources required to accomplish the goals, 


the assignment of responsibilities to carry out tasks identified 


in the plan, determination of feasible alternative courses of action, 
and estimates of the time required to accomplish the various phases 

| | or tasks. The major plans which provide the framework for develop- l 4 

* | ment, testing, and product improvement of rifle systems are the System 
Development Plan and the Project Manager Master Plan. These two 

ұ аге not single plans but are collections and summaries of specific 


detailed plans, as discussed below. 
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The System Development Plan is required by Department of the Army, 
and will normally include the following items: the Qualitative 
Materiel Requirement (QMR) a brief of the Development Plan, the 
Primary Issues, The Management Plan, The Financial Plan, Schedules, 
The Contract Definition Phase Plan, System and Subsystem Characteris- 
tics, Associated System Characteristics, The Reliability and Avail- 
ability Plan, The Maintainability Plan, The Configuration and Data 
Management Plan, The Coordinated Test Plan, The Logistics Support 
Plan, The Facilities Plan, The Procurement Plan, The Foreign 
Technology Plan and The Technical Documentation plan. / The Sys tem 
Development Plan and contract definition are required for all projects 
which are estimated to require cumulative expenditures of greater 
than $25 million in Research, Development, Test, and Evaluation 
funds or $100 million in production investment funds, and are 
prepared and executed by USAMC, 

The project manager is responsible for the preparation and 
submission of the project management master plan to USAMC, 


This plan, a compilation and summarization of individually approved 


assistance of participating organizations and contractors, and places 


I 
I 
planning documents, is accomplished by the project manager with the 
in context the plans, schedules, costs, scope of work, and resources 


utilized in the attainment of the project objective. The project 


6 AR 705-5, Army Research and Development, Apr 68. 
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management master plan includes seven parts: general description; 
work breakdown structure; program; logistic support plans; personnel 
staffing plan; transition plans; and an approved planning documents 
index. The master plan, when approved by “һе Commanding General, 


USAMC, becomes directive in nature. 27 


Controls 


Controls placed on the development, testing and product im- 
provement of small arms rifle system include Department of the 
Army, USAMC, and USACDC regulations and policies pertaining to rifle 
systems; approved QMR's; programs and budgets established for specific 
projects; reviews of system development progress, such as the in-process 
review (IPR) and system status evaluations (SSE); program and budget 
reviews; progress reports; and provision for methods to coordinate 
system development, testing, and improvement among concerned agencies, 
Coordination devices include conferences, committees, in-process 
reviews, systems status evaluatio»ss, and visits. These controls 
are exercised at each level of organization described in section B 
above. Department of the army prepares and publishes regulations 
and policy on su.h subjects as project manager at, test and evaluation, 
reliability and maintainab: lity, human factors engineering, type 
classification actions, ard product improvements. These policies 


provide guidance, constraints, and direction for the engineering and 


y AMCR 11-16, Vol. 3, Project Management, Master Plans and 
Reports, Oct 66. 
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operational development phases of rifle systems. In addition, 
Department of the Army monitors and reviews the Army Small Arms 
Program, prepares and executes budgets, sets priorities,’ 
requires that in-process reviews and system status evaluation be Г 
conducted, and specifies that reports be provided on the progress 

accomplished in developing rifle systems. Actual progress is 

monitored by the Department of the Army staff agencies through 

updating of System Development Plans; Quacterly Research, Development, i 
Test and Evaluation Progress Reports; visits; conferences; and 1 
correspondence. Coordination during the development phases is 


accomplished through conferences, committees, visits, correspondence, 


and during inprocess reviews held at specific selected critical 


— 


points in the development cycle, DA has placed further controls 

and constraints on the development of rifle systems by allowing the | 

representatives of trainer agencies (USCONARC), user agencies (USACDC), 11 

and logistics agencies to vote at in-process reviews and system 

status evaluations, and by requiring that USACDC approve the Service 

Test Plan for rifle systems 27 
USAMC, the agency responsible for development, testing and 


product improvement of rifle systems, has placed additional controls 


x on rifle systems projects in the form of detailed regulations and 


8 The Army Small Arms Program (ARSAP), ACSFOR, Dec 67, 


aao, 9 AR 705-5, Army Research and Development, Apr 68, 
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policy, instructions for internal USAMC coordination, and detailed 
requirements for programming, budgeting, testing, evaluation and 
reports, USAMC has published specific regulations and policies on 
concepts, control techníques, procedures used in project manage- 
ment, preparation of project management mas er plans, general 
procedures and requirements for development and testing of weapons 
Systems, and on testing of product improvements. Control techniques 
and procedures include the use of рЕкт19/ and PERT/COST, configuration 
management, and reporting systems. USAMC also reviews development, 
test, and product improvement programs and budgets, and prepares 
and publishes project manager charters, The charters specify the 
project manager's mission, authority, responsibility, interfacing 
and participating agencies, assigned tasks, communication channels, 
location, and administrative support arrangements. / Deve lopment, 
testing, and product improvement progress is monitored by USAMC 
through weekly and monthly project manager master plan reports and 
test reports, 
Directing 

Department of the Army directs rifle system development 
through policy guidance published in regulations, through the establish- 


ment and continuation of programs and budget allocations, and by 


10 Program Evaluation and Review Techniques. 


IL N 70-17, System/Project Management, Jan 68. 
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providing decisions and directives at key development, test, and 
product improvement points. For example, Department of the Army 
approves the establishment of a development project; sets priorities 
and allocates funds for the project; approves the in-process reviews 
and system status evaluations; approves type classification actions; 
approves product improvement projects that are estimated to cost 
more than specified levels ;12/ establishes DA Systems Staff officers 
when appropriate; and approves establishment of System or Project 
Management as necessary, 

USAMC directs projects by similar approval, allocation, and 
directive actions at the USAMC level of command. 
Management Process 

The organizational, planning, controlling, and directing 
aspects of management are integrated in the process of developing, 
testing, and improving rifle systems. 

When a ОМК is reviewed for DA approval, ACSFOR will determine 
whether or not the item will be nominated for DASSO monitorship; 
and if so will obtain Chief of Staff approval. Systems also may 
be recommended for DASSO monitorship at any later time in the life 
cycle. A DASSO will be appointed for every system which undergoes 
contract definition, Other systems may be designated for DASSO 


monitorship when: 


12 ap 700-35, Product Improvement of Materiel, Nov 63. 
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1, The system is critical in relation to the 
Army's operational requirements or materiel moderni- 
zation objectives. 

2. The system has significant impact on Army 
doctrine, organization, force structure, training 
programs, personnel requirements or facilities, 

3. Unusual management interest in the system 
has been expressed by the President, Congress, 
Secretary of Defense or Secretary of the Army. 


4, High dollar cost ($25 million or above PEMA) 
is involved. 


5. The system is unusually complex or presents 
major problems, 


The DASSO functions as the DA point of contact to monitor the 
development and life cycle of a system and he is helped by assistant 
DASSO's who are the primary point of contact in principle DA staff 
agencies. A/ 

Subsequent to Department of the Army approval of а QMR, USAMC . 
is responsible for preparing the preliminary System Development 


Plan and an associated program change request, and for reviewing 


If & new production project, or new engineering and operational 


system development has one or both of the following characteristics 


it will be managed by a project manager: 


1. Are rated in the BRICK-BAT category оп 
the Department of Defense Master Urgency List of 
military requirements, 


those documents, together with the QMR, at an in-process review. | 
| 
| 
! 


i АХ 71-4, draft, Department of the Army Systems Staff 
Officer System, May 65. 
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2. Are estimated to require total cumulative 
RDTE financing in excess of 25 million dollars, 
or are estimated to require а total production 
investment in excess of 100 million dollars. 


: Other projects may be designated for project management by the 
! Secretary of the Army when they possess one ог more of the following 
characteristics: 


1. Have a significant effect on U.S. military 
posture. 


2. Involve unusual organizational complexity 
or technological advancement. 


3. Require extensive interdepartmental, 
national, or international coordination or support. 


4. Present unusual difficulties which need 
expeditious handling to satisfy an urgent requirement. 


5. Two or more related projects which taken 
collectively, would qualify for project management 
under the threshold established in . . . above, and 
are to be conducted on a substantially concurrent 
basis, particularly when significant technical 
problems are anticipated. 


When the development, production, and support 
of а new materiel system will impact on the funda- 
mental national interest, or redirect basic national 
policy for an extended future period, a Department 
of the Ármy system manager, in addition to the 
project manager, ma; be designated by the Secretary 
of the Army. In determining whether a system manager 
is required in addition to a project manager, one 
or more of the following criteria must apply: 
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а. The development and deployment of such 4 
a system would significantly influence elements of E. 
the national interest other than the purely military ў 
for ап extensive period in the future. Ë 3 
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b. The subelements or components of the 
hardware system are anticipated to require exceptional 
| and prolonged study and experimental effort. 


с. Nonmateriel subelements of the system 
under development cannot yet be optimized. 


р 4, Definitive cost and schedule data depend 
on tradeoff studies that cannot yet be undertaken. 


e. The development and deployment of a system 

having major impact on the national interest also 

involves significant participation by another service 

or by an ally of the United States.15/ 

The project manager will be assigned responsibility for preparing 
the preliminary system development plan and the preliminary program 
change request. 

The minutes and proceedings of the in-process review are 
considered at a system status evaluation (SSE), and the SSE findings 
and recommendation are considered by Department of the Army in 
arriving at a decision to proceed with contract definition, with - 
further development, ог to terminate the project, аз appropriate. 

Upon approval of project initiation, the Chief of Research and 
Development assigns a number and a priority to the project, states 
the need for formal in-process reviews, and establishes funding 


for the project. The Research, Development, Test, and Evaluation 


Program, including the funding and priorities of elements, projects, | 
i 


14 д 70-17, System/Project Management, 19 Jan 68. 
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and tasks, is reviewed annually by an OCRD review board.  USAMC is 
assigned executive management responsibility for rifle system 
development projects, and USACDC, USCONARC, and the Logistics 
Doctrine and Systems Agency (LDSA) act in the capacity of advisers 
during all phases of the development process 15/ 

Тће bee јаве manager prepares and submits the project management 
master plan to USAMC after approval of project initiation. The 
plan integrates those features of time, cost, and performance 
requirements that cover the system from concept formulation to 
disposal and is reviewed by the Comptroller and Director of Programs 
of Headquarters, USAMC, and approved by the Commanding General, 
USAMC.16/ The project management master plan, and other required 
plans, such as logistic support plans and training plans, are 
updated and completed as the system is developed. The initial 
project management organizational effort is directed toward 
preparing, coordinating, and securing approval of required planning 
documents for system development and testing. Thereafter, plans 
are updated and modified, as appropriate, but only after coordination 
within USAMC interested commands, and between USAMC, USACDC, and 
LDSA, and after approval by Headquarters, USAMC or DA. One of 


the planning documents which provides input to the master plan is 


15 AR 705-5, Army Researcn and Development, Apr 68. 


16 AMCR 11-16, Project Management, Master Plans and Reports, 
Oct 66. 
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the coordinated test plan. This plan lists and discusses the 
objectives of all tests that are to be performed on the system 
being developed, insofar as they can be foreseen, The testing | 
accomplished during development performs the dual role of (1) 
providing data to guide further development and future production | 
and (2)providing data for assessment in order to determine the 


suitability of the system for inclusion in the Army inventory. L/ 


18/ the project 


For projects requiring contract definition,— 
definition phase is completed with the contractor or in-house developer 
prior to entering actual engineering development of the system. 

The goal of contract definition, between USAMC and the contractor, 

18 achievable performance specifications backed by firm fixed price 
or fully structured incentive proposals for full scale development .19/ 
Department of the Army permission to conduct contract definition 


constitutes a conditional decision to proceed with the development 


of a major system. A contract definition IPR and a contract definition 


contract for engineering development, (2) keep alternate approaches 
open, (3) continue further definition, (4) defer or abandon further 


development, or (5) proceed with further exploratory or advanced 


17 AR 70-10, Draft, Test and Evaluation During Development and 


SSE follow contract definition and provide recommendations to (1) x 
Acquisition of Materiel, Feb 68. | 


18 Contract definition is required for projects estimated to E 
cost more than $25 million in RDTE funds or more than $100 million чя 
in production investment funds. 


19 AR 705-5, Army Research and Development, Apr 68 


Fön Offiz. USE ORLY 


development ,29/ DA approval of SSE recommendations for further 
development permits the development contract :o be awarded and 
engineering development to start. 

When system engineering development actually begins, the Army 
managerial emphasis shifts from planning to execution of assigned 
development tasks; updating plans; reporting and monitoring develop- 
mental progress; and direction of adjustments or corrective actions 
when actual progress deviates from scheduled development, The 
project manager assigns specific tasks to commodity commands, 
laboratories, and contractors; provides periodic progress reports 
to USAMC and DA; coordinates and adjusts the development efforts; 
insures that logistic support plans and training plans are completed; 
insures that scheduled testing is completed; initiates actions to 
correct deficiencies discovered during testing; and provides infor- 
mation and data for in-process reviews,2l/ Actual development and 


testing are accomplished by completion of time-phased tasks derived 


from PERT and milestone scheduling. Three additional formal | | 
| in-process reviews normally follow the contract definition IPR: 
the prototype systems characteristics review; the development 


acceptance review; and the production validation review, The 


20 AR 705-5, Army Research and Development, Apr 68. 


21 AMR 11-16, Project Management, Concepts and Policies, Feb 66, 
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minutes of each of these reviews are considered by a system status 
evaluation and the SSE recommendations are provided to ACSFOR, 

DA approval of SSE recommendations constitutes approval to continue 
the next developmental step. The successful completion of the 
production validation in-process review and SSE leads to a recommendation 
for type classification, which must be approved by pa, 22/ Approval 
of type classification constitutes approval of the engineering, 
service, and initial production tests, and the suitability of the 
system, as well as approval to procure and produce the developed 
system. Subsequent to type classification, the previously prepared 
procurement and production, logistic support, and training plans 
are executed; initial and follow-on units are equipped with the 

new system; confirmatory tests, as appropriate, are conducted; 

and modifications, as directed by DA (ACSFOR), are incorporated in 
further production, 

Product improvements may be incorporated into the system 
during the operational phase of the life cycle, A product improvement 
to a weapons system is defined as a modification or an engineering 
change after type classification which accomplishes one or more 
of the following purposes: 

(1) To assure safety of personnel, 


(2) To correct a proven performance deficiency 
discovered during troop use which prohibits use of an item 


22 
AR 705-5, Army Research and Development, Apr 68. 


8-19 sity 
==. БАГ с 
Ka Cre GE COH 


А 


fen ве, (22 Gt 


for its intended purpose. 
(3) To prevent serious damage to equipment. 
(4) To break a serious production bottleneck, 


(5) To reduce significantly total cost con- | 
sidering all logistical functions, 


(6) To increase significantly combat or operating 
effectiveness of equipment, 


(7) To increase significantly reliability or 
durability. 


(8) To significantly improve or simplify 
maintenance, 


(9) To achieve greater equipment and component 
standardization. 


(10) To simplify design or operation, | 


(11) To increase significantly the efficiency in 
use of materials. 


(12) To make equipment compatible with newer . 
equipment with which it will be operated, 1 


(13) To enable an item to be utílized in a new | 
role providing there is no degradation of jhe items! 
| capability to perform its original role. 
Product improvements recommended by USAMC, USa CDC, USCONARC, 


LDSA or field conmands are reviewed and evaluated by Headquarters, 


USAMC, coordinated with USACDC to insure that recommendations are E. 
. 


2 
: AR 700-35, Product Improvement of Materiel, Nov 63. 
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compatible with material and operational objectives, and if the 
improvement is estimated to cost more than specified levels it is 
submitted to DA for approval. DCSLOG has DA‘staff responsibility 

for product improvement programs. 227 If extensive research and 
development effort is required for product improvement, responsi- 
bility is assigned to OCRD, although this is not normal. Upon 
determination of the requirement for a product improvement by 

ACSFOR, DCSLOG forumulates, establishes, approves, and supervises 
product improvement programs above specified funding levels. 

The Commanding General, USAMC, has directed that all approved product 
improvements that change performance characteristics, effectiveness, 
or operational capabilities of the system to any substantial degree, 
or improvements that have a significant impact on funding, must be 
tested. Further, the test results must be evaluated by the Commanding 
General, USATECOM, as to suitability prior to release of the improved 


system for issue to troop units. / 


a AR 700-35, Product Improvement of Materiel, Nov 63. 


25 USAMC Ltr, Release of Equipment, 15 Jul 67. 
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р, Analysis of the Army Organizational Structure and Management 
Practices for Small Arms Weapons Systems 


The Army organizational structure concerned with small arms 


is large, and diverse, and is complicated by a division of responsi- 


: bilities among organizational elements and a physical separation 


— — лықа. с 


of participating elements. Тһе management practices used by the 
Army have been adapted to compensate for these problems. | 
The Army has three organizational approaches to the manage- 


ment of materiel development: functional management, project пап- 


داج — 


agement, and commodity management .26/ А11 three approaches are 


used for the development, testing, and product improvement of small 


arms weapons systems. The staff agencies of the Department of 


— ee eee A 


the Army staff and the staff directorates of the USAMC staff are 
organized along functional lines. The Project Manager for Rifles 
was established below the Headquarters, USAMC level to manage 
systems which cut across commodity command lines, 

| Functional management is oriented to specialized services 

| rather than to the items of materiel to which the services apply. 
The management responsibility for a particular item, such as a 

P small arms system, 18 divided among specialized elements and no 


one element has exclusive, comprehensive, responsibility for the 


26 FM 38-7, Materiel Development Management, Nov 66. 
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development, improvement, and testing of a single system, Each 
element retains responsibility for planning, directing, and controlling 
projects in its own area or responsibility. 
Headquarters, Department of the Army 

On the Department of the Army Staff the functions of research 
and development are represented in the Office of the Chief of 
Research and Development (OCRD); the functions of procurement and 
production in the Office of the Deputy Chief of Staff for Logistics i 
(DCSLOG); and the functions of development of materiel objectives, 
determination of feasibility of proposed developments, and 
establishment of operational priorities and requirements for procure- 
ment of materiel in the Office of the Assistant Chief of Staff for 
Force Development (ACSFOR). ACSFOR also has been given the 
additional staff responsibility for life cycle management of i 
materiel items27/ although this responsibility is not yet compre- 
hensive or well defined. For example, OCRD retains the primary staff | 
responsibility for preparing and publishing testing policy during | i 


development, DCSLOG has retained primary staff responsibility 


for preparing and publishing testing policy pertaining to production 
and post production testing,28/ and ACSFOR has been assigned 


responsibility29/ for user testing. (See Appendix 1.) Thus, no 


27 AR 10-5, Organizations and Functions, Department of the 


28 АВ 70-10, Draft, Test and Evaluation During Development 
and Acquisition of Materiel, Feb 68. 


29 AR 71-3, User Field Tests, Experiments, and Evaluations, 
19 Mar 68. "Y qur пела! мат RUE 
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Other functions, such as financial management, are common to 
all agencies, although the Comptroller of the Army (COA) has primary 
overall responsibility in this and other areas. COA is responsible 
for: compilation and dissemination of Army program and budget 
guidance to major Army field commands; budgetary, cost analysis 
and management analysis actlvities of the Army; independent review 
and analysis of Army programs; management systems of the Army; 
study of systems problems crossing organizational or functional 
lines; and continuing and independent analysis of Army organiza- 
tions, functions and procedures,30/ 

The functional activities of research and development, procurement 
and production, and financial management are also reflected throughout 
each subordinate echelon of USAMC and its commodity commands. 

At the Department of the Army level, the functional approach 
has the advantage of providing flexibility in handling a wide range 
of technical tasks, concentrating skills in specialized areas, and 
allowing the DA staff ta focus attention on functional areas, 

However, this approach requires detailed and constant coordination 
and supervision as any one system moves through the development, 
improvement, and testing phases of the life cycle. In addition, 


because a wide variety of specialized skills are dispersed through 


30 AR 10-5, Organizations and Functions, Departmert of the 
Army, Aug 66, 
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several organizational elements, it is difficult to coordinate the 
activities of these organizational elements and to see clearly 


the whole status of any one project and its relationship to associated 


projects. System development, testing, and product improvement 


1 
1 
| 
4 


is also hampered at the DA and USAMC level by the lack of an individual 
or staff element with comprehensive directive authority over the 
system. 1 
The management techniques used by DA in planning directing, 
and controlling small arms systems have not satisfactorily solved 
these problens in the past. This was recognized by the Army staff 
which conducted studies to determine ways to solve these problems, A/ 
One study effort included the detailed examination of the Army 
organization and management practices for the acquisition of materiel 
and the other effort was directed at establishing an Army program 
for small arms. Several steps, designed to reduce the above listed 
problems, were recommended by the study efforts and approved by the 
Chief of Staff, Army. 
The first step was the introduction, in 1967 ,32/ of the 
concept of a disciplined, step by step, management model for the life 
cycle management of all materiel systems. The model describes 


the management processes, their interrelationships, and the ordered 


sequence for the engineering development and operational development 


31 сем 67-81, Report of the Department of the Army Board of 
Inquiry on the Army Logistics System, Vol LIL, Acquisition Management, 
1 Mar 67 and CSM 67-96, Army Small Arms Program, 8 Маг 67, 
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‘ phases of a system life cycle, The model also provides guidance 
for the orderly transition of a developmental system from one phase 


of the life cycle to the next, ACSFOR was assigned responsibility 


for coordinating and integrating development, deployment, and related 
Support activities, including responsibility for assuring the | 
accomplishment of the internal DA activities required for planning, | 
controlling, and directing the development, production, and support | 
of materiel systems. This responsibility is carried out by DASSO's 
| and assistant DASSO's when directed. In addition, system managers 
| may be appointed to manage systems when necessary, Thus, a framework 
| was approved which provided for centralized DA Staff management of | 
a weapons system throughout its Life cycle. 

The second major step taken by the Department of the Army was 
the official publication of the Army Small Arms Program (ARSAP) 
on 26 January 1968.33/ The program was conceived and developed 


during 1967 in response to the problem of providing complete visibility 


to small arms projects and it is designed to allow a comparative 
evaluation of all on-going projects (see Appendix 10). 
This program assembles in one package all of the 
small arms developmental objectives and activities, cur- 


rent and planned, of the various laboratories, subor- 
p и dinate commands and agencies of USAMC, USACDC, and 


E 33 ACSFOR Ler, 28 Jan 68, sub: Army Small Arms Program. 
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USCONARC, It provides the current and planned funding 

of each of these efforts, with priorities assigned to 

assist in new budgetary allocations and in reprogram- 

ming within current budgets. It affords far greater 

visibility than has existed in the past at DA level. 

It provides a semi-annual forum for exchange of infor- 

mation (among DA staff elements, major commands and 

their subordinate commands) regarding development prog- 

ress, and for highlighting problems for resolution at 

the various developmental echelons „3%/ 

Representatives from DA staff agencies, USAMC, USCONARC, and 
USACDC attend two conferences a year to review the ARSAP, In 
addition, the program was proposed as a separate RDTE and PEMA line 
item in the Army budget, starting with the FY 1960 budget. Overall 
responsibility for the program was assigned to ACSFOR ,35/ 

Each of these major steps should facilitate the Department of 
the Army staff management of small arms systems while allowing the 
staff to retain its functional organization. However, many of the 
recommendations of the DA Board of Inquiry on the Army Logistics 
System were still in the draft stage as of 1 May 1968, and the 
first Small Arms Conference was held in February 1968, It will 
be some time before the combined results of these two steps produce 


significant synergestic improvements in the management, development, 


testing, and product improvement of small arms systems, 


34 ACSFOR Memo for Chief of Staff, U.S. Army, 8 May 68, sub: 
Army Small Arms Program. 


35 ACSFOR Ltr, 28 Jan 68, sub: Army Small Arms Program. 
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U.S. Army Materiel Command 


Below the Department of the Army staff level, USAMC must ac- 
complish the actual development, product improvement and testing ot 
small arms systems in response to requirements generated by 

| | USACDC, USCONARC, and DA. 

The USAMC headquarters staff directorates face the same problems 
that the DA staff agencies face in that the USAMC staff directorates 
are organized on functional lines, but the management of the 
development, improvement, and testing of small arms systems cut 
across these lines. One example of the difficulties faced by the 
USAMC staff elements is pointed out in the conclusions of a USAMC 
study on standards of testing: 


AMC does not have a coordinated test and evalu- 
&tion program for the life cycle of materiel. | 


АМС does not have а staff activity responsible 1 
for the coordination of such a program. / ] 


The study recommended that one staff directorate be assigned 
primary staff responsibility for testing to include staff planning, 


controlling, and directing functions in order to solve the problem 


of separation of staff responsibilities. Final action has not | 

been taken by Headquarters, USAMC, on this recommendation. | 
The two major steps (execution of the recommendations of the 

DA Board of Inquiry on the Army Logistics System and the estab- 


lishment of the Army Small Arms Program) taken by headquarters, 


36 Briefing to CG, USAMC, re: Standards of Testing for AMC 
Materiel, 21 Dec 66. 
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ЖЕТЕН. 

Department of the Army, when applied by the USAMC staff directorates, 
should also assist the USAMC staff directorates to manage the 
development, testing, and improvement of small arms systems. 

The primary USAMC elements concerned with small arms systems 
are the U.S. Army Weapons Command, the U.S. Army Munitions Command, 
the U.S, Army Test and Evaluation Command, the U.S, Army Ballistics 
Research Laboratories, and civilian contractors. These organizations 
are separated by functiona! mission, interest, and physical dis- 
tance, The Commanding General, USAMC, has created a project 
manager for rifle systems to provide technical and business manage- 
ment for assigned systems. The project manager is vested with 
centralized management authority and is responsible for planning, 
directing, and controlling the definition, development, production, 
and initial logistical support of his projects subject to Head- 
quarters, USAMC, approval. He is also responsible for making certain 
that planning is accomplished by the organizations responsible for 
the complimentary functions of logistic and maintenance support, 
personnel training, operational testing, and activation or deployment 
of his systems 7 The project manager is supported by functional 
organizations which are responsible to him for specifically assigned 


project tasks. Although the Weapons Command and the Munitions Command 


37 Project Manager, Rifles, Charter, 11 Dec 67. 
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have established engineering organizations specifically oriented 
toward the accomplishment of their responsibilities for rifles and 
ammunition, the project manager is still faced with the problem of 
; functional and physical separation of the four main supportíng 
organizations and further organizational and physical separation 
within these organizations. In an effort to solve these problems 
and to foster an integrated systems approach in the specific case 
of the М16А1 rifle system, the project manager established a field 
office at Frankford Arsenal in 1967 and organized a USAMC M16 
Steering Committee in February 1968. The field office is designed 
to provide a point of contact for ammunition activities. The steering 
committee is composed of representatives from USAWECOM, USAMUCOM, | 
Frankford Arsenal, USATECOM, and the Ballistic Research Laboratories, 
and is designed to provide technical advice and close coordination 
of all appropriate USAMC agencies on system tasks.28/ The committee 


will also serve as a coordinating device to cut administrative lead 


time by keeping representatives of key USAMC commands informed on 


Rifles, is also the chairman of a Joint Service Technical Coordinating 
Committee which provides a vehicle for interservice coordination of 


М16-М16А1 technical activities, 


the status of all current and proposed tasks, The Project Manager, | 
| 
Analysis | 


The establishment of the life cycle management model and the 


Army Small Arms Program by Department of the Army, and the establishment 


38 Project Manager Briefing to the USA, 21 Feb 68. 
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of an М16-М16А1 Steeríng Committee and project manager field office 
at Frankford Arsenal by the project manager are all steps taken to 
reduce past management problems. The problems grew out of the 
difficulties faced by an Army structure essentíally organized along 
functional and commodity lines that attempted to manage the 
development, езет, and improvement of small arms systems thac 

cut across these lines, The establishment of the project manager 
field office to serve as a point of contact for ammunition activities 
at Frankford Arsenal, for example, represents an effort to improve 
coordination between the project manager and Frankford Arsenal, 

The project manager has also included a representative of Frankford 
Arsenal оп the M16 Steering Committee. Because ammunition is an 
integral part of a rifle system, it would appear that a stronger, 
more flexible, and more responsive project manager organization would 
result from the establishment of a deputy project manager at Frankford 
Arsenal and the creation of task teams, responsive to the deputy 
project manager, to accomplish ammunition associated tasks. Other 
techniques available for use in the management of small arms systems 
at DA level include the establishment of System management and a 
DASSO. These techniques have not been used to date because the 
criteria for the establishment of the techniques has not been ful- 


filled. 
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None of these corrective actions require moverall change 

in organizational approach or management practices at the Department 

of the Army or USAMC level, but are step by step adjustments of the } 

organizaLion and management in being. All of the steps taken 

together, in particular the establishment of the Army Small Arms 

Program, are designed to bring increased coherence and unity of the 

organizational and management practices used in the development, { 

testing, and product improvement of small arms weapons systems, It 

will take some time for all of the combined steps to take effect | 
| : to reduce significantly the problems associated with the management 

of the development, testing, and product improvement of small arms 

systems, The recent organizational and management changes incor- 

porated by DA should be given sufficient opportunity before major 


changes are imposed. . | 
1 
| 
i 
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Е, Conclusions 

1. The Army Small Arms Program can provide the management 
tools which will establish visibility of small arms research and 
associated development, provide for a more realistic evaluation of 
all small arms systems, identify areas that require investigation 
or correction, and constitute a basis for the coherent, unified 
development, improvement, and test of future systems, 

2. The ARSAP, when fully operational, could help to overcome 
the organizational problems inherent in managing a system in a 
functionally oriented organization, However, management of the 
Army Small Arms Program at this time is primarily exercised through 
the indirect means of funding authority. Clearly established 
lines of authority and responsibility within the program are not 
adequately defined. Я 

3. The Project Manager, Rifles has been assisted through the 
creation of committees to facilitate control and coordination of 
System development, improvement, and testing. 

4. The Department of the Army staff organization has been 
appropriately modified to facilitate system management over the 


life cycle. 
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Review of the Army Organizational Structure and Functions 

A very large number of commands and staff elements have an 
interest in small arms weapons systems, (See Figure 8-3.) The 
role of these commands and their functions are reviewed below. 
Headquarters Department of the Army 

The Department of the Army staff agencies concerned with rifle 
development, testing, and product improvements are OCRD, ACSFOR, 
DCSLOG and DCSPER. (See Figure 8-4.) 

ACSFOR is responsible for the supervision of the life cycle 
of rifle systems. The Directorate of Doctrine and Systems of 
ACSFOR carries out this responsibility through the Combat Arms Systems 
Division and the Systems Management Division. The Systems Management 
Division receives, coordinates, secures approval of, and distributes 
requirements documents such as QMR's and SDR's, The division also 
prepares, coordinates, and publishes approved Department of the Army 
policy on Development and testing of rifle systems related to the 
life cycle, The division also receives, coordinates, and secures 
approval of type classification requests. The Combat Arms Division 
supervises the actual development, testing, and product improvement 
of rifle systems; and when necessary furnishes a Department of the 
Army Systems Staff Officer (DASSO) who provides centralized DA 


staff management of the rifle systems 397 Staff responsibility 


39 aR 10-5, Organization and Functions, Department of the 
Army, Aug 66. 
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for training aids, training literature, and training devices is 
assigned to the Operations and Training Directorate. 
The OCRD is responsible for planning, coordinating, and | 

supervising the development, testing, and product improvement 
(when high technical risk exists) of rifle systems. The CRD is 
also responsible for providing policy guidance, programming 
guidance, and funding for the rifle systems in engineering development. 
| These responsibilities are executed by the Director of Developments 

and the Combat Materiel Division for the rifle systems and through 

the Director of Plans and Programs and the Management, and the 

Programs and Budget Divisions for program, funding, and policy | 
guidance ,— ю/ 

DCSLOG is responsible for the programming, budgeting, and 

policy guidance of the operational development phase of the life d 
cycle, which includes the procurement, production, product improvement 
(when little or no technical risk 1$ involved), and testing of 
these product improvements,  DCSLOG also monitors the development | 
of rifle systems in order to program the acquisition of the system | 
and form a maintenance standpoint. These functions are carried | 
out through the Directors of Materiel Acquisition, of Maintenance, | 
and of Supply. DCSLOG also approves product improvements above 


certain funding levels.4!/ 


40 AR 10-5, Organization and Functions, Department of the Army, 

у ) Aug 66. 
( 

4 AR 700-35, Product Improvement of Materiel, Nov 63. 
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The DCSPER monitors rifle systems development in order to 1 
prepare and program individual training and training films on 
the system and prepares and publishes policy pertaining to develop- 


ment, testing,and product improvement from а human engíneering 


standpoint .42/ The Director of Individual Training and the 
Director of Personnel Studies and Research execute these functions. 
The Comptroller of the Army is responsible for independent 


review and analysis of Army programs; budgetary, cost analysis, 


— E У 


and management analysis activities of the Army; management systems 
of the Army; study of systems problems crossing organizational or 
functional lines; continuing and independent analysis of Army 
organizations, functions, and procedures; and compilation and 
dissemination of Army program and budget guidance to major Army 
field commands, The Directorates of the Budget, of Cost Analyses, 1 1 
and of Management perform these functions as they pertain to small 

arms sys tens. / | 


The Weapon Systems Analysis Directorate monitors and guides 1 


operations research and systems analysis efforts, Army-wide, that 


pertain to small arms; conducts studies whose purpose 18 to provide 
insights regarding decisions involving small arms; and monitors 


all system efforts which may be used to support decisions on small arms, 


42 ав 602-1, Human Factors Engineering Program, Mar 68. 


43 
AR 10-5, Organization and Functions, Department of the Army, 
Aug 66. 
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The Deputy Under Secretary of the Army for Operations Research 
provides a capability for in depth review and analysis of selected 
problems including those related to small arms systems, for the 
Office of the Secretary of the Army. 

The U.S. Army Combat Developments Command 

USACDC responsibilities are carried out by USACDC headquarters 
staff elements and USACDC subordinate commands. (See Figure 8-5.) 
The primary headquarters staff concerned with rifle development, 
testing,and product improvement are the Materiel Directorate and 
the Evaluation Directorate. The Materiel Directorate is responsi- 
ble for: 

Ekseking the feasibility of and administering QMDO's, QMR's, 
and SDR's; 

Representing USACDC at IPR and Technical Committee Meetings; 

Monitoring the work of uevelopment agencies; 

Providing the point of contact for the рА850,22/ 

The Director of Evaluation is responsible for maintaining the 
evaluation phase of the USACDC program which is composed of field 
experiments and evaluations, troop tests, combat evaluations, operations 


research,and special projects evaluation. 


44 USACDC Pam 10-2, Organization and Functions, Oct 67. 
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| The USACDC subordinate commands that contribute directly to 
rifle development include the Combat Arms Group (CAG) and the 

j Combat Service Support Group which provide mid-level management and 

р coordination of subordinate agencies; the Infantry Agency and the 
Maintenance Agency. The Infantry Agency develops, evaluates, prepares, 
and recommends OCO's, QMDO's, QMR's, and SDR's for rifle systems, 
The agency also monitors RDTE on infantry equipment to insure that 
it is developed in response to user requirements 43/ The maintenance 
agency reviews ET/ST plans and reports, prepares and revises equip- 
ment maintainability and reliability criteria and prepares, reviews 
and coordinates the USACDC position on maintenance support plana, 50 

Other subordinate USACDC agencies and institutes contribute 

indirectly to rifle system development, testing, and product 
improvement. USACDCEC conducts scientific experiments pertaining 
to organization and doctrine of units that use rifle systems; the 


institute of Land Combat provides the framework of future rifle 


| 
system requirements; the Institute of Systems Analysis makes |: 
i 
studies and analyses of rifle systems; and the Armor Agency, Aviation ! 
Agency, and Special Warfare Agency all review and comment on rifle 1 


systems development, testing, and product improvement from their 


functional standpoint. 


Ж 55 USACDC Inf Agency Pam 10-2, Organization and Functions, Маг 68, 
46 

Га N USACDC Maintenance Agency Pam 10-2, Organization and Functions, 
Oct 67. 
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The U,S, Army Materiel Command 


The functions of developing, testing, product improvement, and 
the testing of product improvement: are exercised by the U.S, Army 
Materiel Command. The primary USAMC staff elements and subordinate 
command and staff elements concerned with these functions are shown 
on Figure 8-6, The principle USAMC headquarters staff sections 
concerned with the development, test ing, and product improvement of 
rifle systems are the Directors of Development; of Procurement and 
Production; of Major Items; of Supply; of Maintenance; and of 
Quality Assurance; and the Comptroller-Director of Programs; and 
the Special Assistant for Project Мапарегѕ.27/ 

The Special Assistant for Project Managers prepares project 
manager charters, provides information on project managers activities 
to the Commanding General, USAMC, and coordinates actions between 
project managers, headquarters, USAMC, and subordinate USAMC 
commands, The Comptroller-Director of Programs, in executing his 
broad functions of controlling USAMC resources and informatim procedures 
and measuring accomplishments, carries out the specific functions of 
evaluating systems on a cost-effectiveness basis, evaluating the 
RDTE and PEMA programs, analysing QMDO's and QMDR's, and reviewing 
project-managed programs, including evaluation of project manager 
master plans, USAMC staff guidance to project managers, and evaluation | 


of crítical areas, imbalances, and progress. 


47 АМСА 10-2, Organization, Mission, and Functions, Hq USAMC, 
1 Jul 66 
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The Director of Developments directs and controls the USAMC 
RDTE and related programs, approves the USATECOM test program, 
directs the USAMC Technical Committee, has primary USAMC staff 
teiposs tar M Ey for activities pertaining to type claasification, 
and provides assistance and support to project managers. Thus, the 
primary USAMC staff responsibility for development, testing, and 
developmental product improvements for rifle systems belongs to the 
Director of Developments. 

The other directorates which have functions relating to 

the development, testing,and product improvement of rifle systems 
include the-Quality Assurance Directorate, the Procurement and 
Production Directorate, the Major Items Directorate, the Supply 
Directorate, and the Maintenance Directorate. The Quality Assurance 
Directorate is responsible for establishing policy for quality assur- 
ance procedures within USAMC, for staff supervision of quality 
assurance procedures through the life cycle of rifle systems begin- 
ning with the ОЛ, and for providing the project manager and commodity 
commanders assistance in the establishment of quality assurance 1 
procedures. The Procurement and Production Directorate has the staff 1 
responsibility for developing USAMC procurement, and production 
plans and thus must monitor rifle system development in order to 
plan for the entry of the system into the Army inventory. The Major 


Items Directorate as well as the Supply Directorate are both concerned 


ЕЛ is үлү 


with the entry of the rifle system into the Army inventory. The 
Major Items Directorate is assigned the functions of staff super- 
vision of USAMC major ítem materiel activities, inventory management 
activities, and major and secondary PEMA program and budget manage- 
ment activities for rifle systems, including ammunition. The 
directorate also acts as a point of contact with the project 
manager for rifles and for USAWECOM and USAMUCOM, recommends equip- 
ment for confirmatory testing and provides guidance for product 
improvements funded by the PEMA program. The Directorate of Supply 
is responsible for directing and controlling the USAMC materiel 
inventory management operations for secondary items and repair 
parts and for providing budget support for PEMA program repair 
parts for rifle systems. The Director of Maintenance is responsible 
for developing policy and criteria to attain maíntainability and 
reliability of Army materiel and for providing maintainability and 
reliability input to and participation in in-process reviews during 
the development, testing, and product improvement of rifle systems. 
In order to manage centrally the development, testing, and 
product improvement of rifle systems, the Commanding General, USAMC, 
created a project manager for these systems. The Project Manager, 
Rifles is responsible for the management of the М16/М16А1 rifle, 


the XM177-El and E2 submachine gun, rifle grenade launchers, 
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alternate rifle systems, the Special Purpose Individual Weapon, (SPIW), 
current standard rifles, and accessories, components, and ammuni- 
tion peculíar to these rifle systems until the ammunition is type 
classified A, After the ammunition is type classified A, the 
project manager retains the overall responsibility for gun and ammuni- 
tion compatibility, Management includes responsibility for planning, 
directing, and controlling the definition, development, production, 
and initial logistical support of the assigned systems, The 
project manager is also responsible for assuring that planning is 
accomplished and that it is executed by organizations concerned 
with logistic and maintenance support, personnel training, operational 
testing, and activation or deployment of his systems. Other functional 
commands of USAMC are responsible to the project manager for the 
execution of specifically assigned project tasks. The project 
manager reports throug! he Commanding General, USAWECOM, to the 
Commanding General, USAMC SS. 

The weapons organizations that are connected with rifle systems 


development, testing, and product improvement include the U.S, 


Army Weapons Command and the U.S. Army Rock Island Arsenal, The 
USAWECOM functions are carried out by the headquarters staff 
elements of the Weapons Operations Research Office, the Director | 


of Research and Development, the Director of Procurement and Production, 


48 Project Manager, Rifles Charter, 11 Dec 67. 
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the Director of Supply and Maintenance, and the Director of Quality 
Assurance. Their responsibilities include: 

Provide full technical and administrative support to PM-RS; 

Provide staff assistance to USAWECOM subordinate elements in 
identification, formulation, and solution of internal problems; 

Plan, execute, direct and supervise development programs and 
projects for assigned materiel; 

Plan and conduct tests of assigned materiel; 

Direct and accomplish procurement and production of assigned 
materiel; 

Accomplish product, production, and maintenance engineering; 

Provide wholesale inventory management, stock control, and 
supply control for commodity managed items; and 

Plan, direct, and execute quality assurance and re!iability 
programs during the life cycle of пасегіе1.49/ 

Rock Island Arsenal carries out the functions of design, 
development, product and production engineering, value and mainte- 
nance engineering, procurement, production, quality assurance, and 
technical evaluations in support of the веса and Headquarters, 

52 USAWECOM, for individual weapons. Тһе arsenal also provides technical 

and logistic support for the project manager for rifles. These 


ЭЕ functions are executed by the Comptroller and Programs Office, the 


USAWCR 10-1, Organization and Functions, USAWECOM, Jul 65. 
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FC in 
the Quality Assurance Division, the Research and Engineering Division, 
and the Procurement Division. Rock Island Arsenal also has the 
capability, in its research laboratoríes and ranges at Rock Island 
and Camp McCoy, Wisconsin to conduct development projects, testing, 
and test evaluations of rifle sys tens. / 
The aunt tos organizations that are concerned with small arms 
rifle systems development, testing,and product improvement include 
the U.S. Army Munitions Command and Frankford Arsenal. USAMUCOM 
supervises the engineering development and operational develop- 


ment of all small caliber munitions (up to .60 cal) to include 


testing, evaluation, and product improvement of small caliber munitions. | 


The headquarters staff functions are assigned to the Engineering 
Division and the Ammunition Division of the Research, Developme ° 

and Engineering Directorate of Headquarters, USAMUCOM, The Prov :. - 
ment and Production Directorate, the Supply and Maintenance Dire:.urate 
and the Quality Assurance Directorate of USAMUCOM are assigned the 

same type of staff functions for munitions as their counterparts 

in USAWECOM are assigned for weapons / The Commanding General, 
USAMUCOM has assigned responsibility for the execution of munitions 


programs and projects to Frankford Arsenal. Frankford Arsenal 


50 RIAR 10-3, Mission, Organization and Functions, RIA, 1 Feb 68, 


USAMUCOM R 10-1, Organization and Management Manual, U.S. 
Army Munitions Command, 28 Mar 66. 
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| is responsible for performing design, development, product, 

process,and maintenance engineering and quality assurance engineering 

for small caliber munitions, The Ammunition Development and Engineer- 

ing Laboratories of Frankford Arsenal are assigned the specific 

functions of planning, directing, and appraising the execution of 

engineering Чеку вртене; testing; evaluation; product improvement 

engineering design; and execution of ballistic testing for product 

engineering, production control, and acceptance testing.22/ In 

order to exercise centralized control of small arms munitions, the 

Commanding General, USAMUCOM, has appointed a USAMUCOM action 

officer, located at Frankford Arsenal. The command action officer 

has executive authority over planning, direction, control, and 

acquisition of small caliber ammunition, including engineering, 

procurement, production, testing, distribution, and logistical 

support of his assigned ammunition. 33/ 
The U.S. Army Test and Evaluation Command has been assigned the | 

functions of planning, conducting, and evaluating engineering, 

service, check, confirmatory, and initial production tests, In 

addition, USATECOM conducts engineering design, production, acceptance, 


renovation, military potential, and product improvement tests and 


32 FAR 10-1, Organization and Functions of Frankford Arsenal, 
27 May 66. 
53 USAMUCOM Action Officer Charter, Small Arms Ammunition, 
ЭЭ 13 Мау 67. 
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evaluations ав a service for commodity commanders and project 
managers. The USATECOM staff responsibility for planning, directing, 
reviewing, evaluating, and supervising testing of small arms and 
related ammunition is assigned to the Infantry Materiel Directorate. 
The engineering tests are conducted by the Infantry and Aircraft 
Weapons Division of Development and Proof Services and service 
tests are conducted by the Small Arms Test Division of the 
0,5, Army Infantry Board, 7 

The 0.5. Army Ballistic Research Laboratories perform scientific 
investigations seeking advances in weapons technology, evaluations 
of Army weapons systems through systems analysis and operations 
research, They also provide consulting services and related assist 
ance to USAMC, The Ballistic Research Laboratories are avail- 
able to assist the project manager in the development, 
testing, and product improvement of rifle systems by scientific 
investigations, studies,and evaluations of problem areas as requested | 


by the project manager / 


U.S. Continental Army Command 
USCONARC has been assigned the mission to: 


Participate in combat developments and monitor 
materiel developments which pertain to individual 
and unit training, combat readiness of assigued 
troop units. and provide coordinative advice 


5^ USATECOM РАМ 10-1, Hq USATECOM Organization and 
Management Manual, 1 Mar 66. 


55  AMCR 10-29, Mission and Major Functions, USABRL, 12 Feb 63. 
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and assistance and direct support to the Commanding 

Generals of the United States Army Materiel Command 

and the United States Арру Combat Developments 

Command in these areas,—_/ 

In addition, the Commanding General, USCONARC, has been 
assigned the function of participating in the development of human 
factors engineering programs in support of small arms systems 
developments тат! Тһе USCONARC primary staff responsibility for 
executing this mission was assigned to the Research and Development 
Directorate of the Deputy Chief of Staff for Individual Training. 

During the engineering development of small arms systems, 
USCONARC prepares and completes detailed plans for instruction and 
instructional materiel including training aids for use in Army 


schools, Army training centers, and troop units assigned to 


USCONARC, 


56 АК10-7, Organization and Functions, USCONARC, 28 Jan 68. 


d AR 602-1, Human Factors Engineering Program, Mar 68. 
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Appendix 9 


Audit Trail of Chief of Staff, Army 


Actions and Decisions Concerning the M16 


The tabular array on the following зав presents in chrono- 
logical order documents and other information forwarded to the 
Chief of Staff, Army or the Vice Chief of Staff, Army on the Army 
rifle program during the period from 3 July 1964 to 22 May 1968. А 
brief summary of each document presents the purpose and nature of 
the document. Where information was available, the CofSA's action 
or decision in response to each document is presented; however, in 
several instances such information was not available, Letters and 
memoranda cited were addressed to the CofSA unless otherwise noted. 
The column headed, "Subsequent Action", serves as a cross-referencing 
guide so that the chronological display of CofSA actions and deci- 
sions serves xs an audit trail. 

All documents available from the OCofSA records room, SGS, and 
other resources within the OCofSA that the CofSA or VCofSA addressed 
have been included in the tabular array. However, these represent 
only a portion of the CofSA's involvement in and influence on the 
Army rifle program in general, and the №16 rifle program in parti- 
cular. Congressional back-up books on the rifle program and the 
M16 have been provided the CofSA on a continuing basis by the Con- 


gressional Activities Division of Deputy Secretary of the General 


NUS 


ден, 
— б 


Staff Coordination and Reports). Conversations with Staff princi- 
pals, hand-written notations in reference to rifle program cases, Ñ 
and copies of memoranda forwarded for information have generally not 
been available in the compilation of this audit beati and therefore, 


are not reflected in it. 
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UNCLASSIFIEO 
OTIC POSTING TERMS 


AEROSPACE SYSTEMS AIR GUNS 
AEROSPACEPLANES AIR HEATERS 
AEROSTATICS AIR INTAKES 
AEROTHERMOOYNAMICS AIR INTELLIGENCE 
AEROTHERMOELASTICITY AIR LAUNCHED 
AEROTHERMOPRESSORS AIR LOCKS 
AEROZINE AIR LOGISTICS SUPPORT 
AFGHANISTAN AIR MASS ANALYSIS 
AFOCAL OPTICAL LENSES AIR POLLUTION 
AFRICA AIR POLLUTION CONTROL EQUIPMENT 
AFRICANS AIR POLLUTION EFFECTS( ANIMALS) 
AF TERBOOIES AIR POWER 
AF TERBURNERS AIR PRESSURE 
AF TERBURNING AIR QUALITY 
AF TERGLOWS AIR RESISTANCE 
AF TERIMAGES AIR SEA RESCUE BEACONS 
AGAR AIR SEA RESCUES 
AGE HARDENING AIR SPACE 
AGGLOMERATES AIR SPRINGS 
AGGLUTINATION AIR STRIKES 
AGGLUT ININS AIR SUPERIORITY FIGHTERS 
2i AGING(MATERIALS) AIR SUPPLIES 
AGING (PHYSIOLOGY ) AIR TO AIR 
AGREEMENTS AIR TO AIR MISSILES 
AGRICULTURE AIR TO SPACE 
AGRONOMY AIR TO SURFACE : 
AILERONS AIR TO SURFACE MISSILES 4 
АІМІМС AIR ТО UNDERWATER 
AIR AIR TO UNDERWATER MISSILES 
AIR BRAKE FLAPS AIR TOWEO 
AIR BREATHING AIR TRAFFIC 
AIR BREATHING ENGINES AIR TRAFFIC CONTROL SYSTEMS 
AIR BREATHING ENGINES (UNCONVENTIONAL ) AIR TRAFFIC CONTROL TERMINAL AREAS 
AIR CLEANERS AIR TRAFFIC CONTROLLERS 
AIR COMPRESSORS AIR TRANSPORTABLE EQUIPMENT 
AIR CONDITIONING EQUIPMENT AIR TRANSPORTATION | 
AIR CONTROL CENTERS AIR WATER INTERACTIONS | 
! AIR COOLEO AIRBORNE 
AIR CUSHION VEHICLES AIRBORNE EARLY WARNING 
| AIR DEFENSE AIRBORNE WARNING AND CONTROL SYSTEM 
AIR DEFENSE COMMAND AIRBURST 
| AIR DROP OPERATIONS AIRCRAFT 
1 AIR EJECTORS AIRCRAFT AMMUNITION 
3 AIR ENTRAINMENT AIRCRAFT ANTENNAS 
E AIR FILTERS AIRCRAFT CABINS 
AIR FLOW AIRCRAFT CANOPIES 
E. AIR FORCE AIRCRAFT CARSURETORS 
4 AIR FORCE BUDGETS AIRCRAFT CARRIERS 
AIR FORCE EQUIPMENT AIRCRAFT CONTROL CABLES 
| AIR FORCE FACILITIES AIRCRAFT DEFENSE SYSTEMS 
i 2 AIR FORCE LOGISTICS COMMAND AIRCRAFT OETECTION 
- AIR FORCE OPERATIONS AIRCRAFT DOORS 
= AIR FORCE PERSONNEL AIRCRAFT ENGINE COWLINGS 
E 3 AIR FORCE PLANNING AIRCRAFT ENGINE DUCTS 
! pt AIR FORCE PROCUREMENT AIRCRAFT ENGINE HEATERS 
« Үс AIR FORCE RESEARCH AIRCRAFT ENGINE NOISE 
| | ње AIR FORCE SYSTEMS COMMAND AIRCRAFT ENGINE OI'S 
EM ___- AIR FORCE TRAINING AIRCRAFT ENGINES 
AIR GAPS AIRCRAFT EQUIPMENT 
i 3 
UNCLASSIFIEO 


UNCLASSIFIEO 
DTIC POSTING TERMS 


AIRCRAFT EXHAUST 
AIRCRAFT FINISHES 
AIRCRAFT FIRE CONTROL SYSTEMS 
AIRCRAFT FIRES 
AIRCRAFT FLARES 
AIRCRAFT GUNS 
AIRCRAFT HEATERS 
AIRCRAFT HIJACKING 
AIRCRAFT INDUSTRY 
AIRCRAFT INTERCEPT CONTROL SYSTEMS 
AIRCRAFT INTERCEPTION 
AIRCRAFT LANOINGS 
AIRCRAFT MAINTENANCE 
AIRCRAFT MARKINGS 
AIRCRAFT MODELS 
AIRCRAFT NOISE 
AIRCRAFT NOSES 
AIRCRAFT NUCLEAR PROPULSION 
AIRCRAFT PANELS 
AIRCRAFT PROTUBERANCES 
AIRCRAFT ROCKETS 
AIRCRAFT SEARCHLIGHTS 
AIRCRAFT SEATS 
AIRCRAFT SIGNATURES 
AIRCRAFT TIRES 
AIRCRAFT TORPEDOES 
AIRCRAFT TRACTORS 
AIRCRAFT TURRETS 
AIRFOILS 

AIRFRAMES 

AIRGLOW 

AIRLIFT OPERATIONS 
AIRMOBILE OPERATIONS 
AIRPORT CONTROL TOWERS 
AIRPORT RADAR SYSTEMS 
AIRPORTS 

AIRSHIP ANTENNAS 
^IRSHIP ENVELOPES 
AIRSHIPS 

AIRSPEEO 

AIRSPEED INOICATORS 
AIRWORTHINESS 

ALABAMA 

ALABAMA RIVER 
ALANINES 


ALASKA 

ALASKA GULF 
ALSANIA 

ALBEDO 

ALBEDO ( ASTRONOMY ) 
ALBERTA 

ALBINISM 
ALBUMINOIDS 
ALBUMINS 

ALCOHOL CONSUMPTION 
ALCOHOLISM 
ALCOHOLS 

ALOEHYOE LYASES 
ALOEHYOE POLYMERS 


ALOEHYOES 

ALDOSES 

ALDOSTERONE 
ALDOXIMES 

ALORIN 

ALEUTIAN ISLANDS 
ALFALFA 

ALGAE 

ALGEBRA 

ALGEBRAIC FUNCTIONS 
ALGEBRAIC GEOMETRY 
ALGEBRAIC TOPOLOGY 
ALGERIA 

ALGINIC ACIO 
ALGCRITHMS 

ALIGNMENT 

ALIPHATIC ACIDS 
ALIPHATIC COMPOUNDS 
ALIPHATIC HYOROCARBONS 
ALKALI GLASS 

ALKALI METAL ALLOYS 
ALKALI METAL COMPOUNDS 
ALKALI METALS 
ALKALINE BATTERIES 
ALKALINE EARTH COMPOUNDS 
ALKALINE EARTH METALS 
ALKALINE EARTH OXIOES 
ALKALINITY 

ALKALOIDS 

ALKANES 

ALKENES 

ALKOXY RADICALS 
ALKYL RADICALS 

ALKYL TRANSFERASES 
ALKYLATION 

ALKYNES 

ALL INERTIAL GUIDANCE 
ALL VOLUNTEER 

ALL WEATHER 

ALL WEATHER AVIATION 
ALL WING AIRCRAFT 
ALLERGENIC EXTRACTS 
ALLERGENS 

ALLERGIC DISEASES 
ALLETHRIN 

ALLIGATCR WEED 
ALLOCATIONS 

ALLOXAN 

ALLOYS 

ALLUVIUM 

ALMANACS 

ALOPECIA 

ALPHA BOMBARDMENT 
ALPHA COUNTERS 

ALPHA CRISS SECTIONS 
ALPHA OECAY 

ALPHA GLOBULIN 

ALPHA PARTICLE DETECTORS 
ALPHA PARTICLE REACTIONS 


4 
UNCLASSIFIEO 


% 
4 


: 


ALPHA PARTICLE SPECTROSCOPY 


ALPHA PARTICLES 
ALPHA SPECTRA 
ALPHABETS 
ALPHANUMERIC OATA 
ALPHANUMERIC OISPLAYS 
ALPHANUMERIC OISPLAYS 
ALTERNATING CURRENT 
ALTERNATORS 
ALTIMETERS 

ALTITUDE 

ALTITUDE CHAMBERS 
ALTITUDE CONTROLLERS 
ALTITUDE SICKNESS 
ALUMINATES 
ALUMINIDES 
ALUMINIZEO EXPLOSIVFS 
ALUMINIZED PROPELLANTS 
ALUMINUM 

ALUMINUM ALLOYS 
ALUMINUM ARSENIDES 
ALUMINUM COATINGS 
ALUMINUM COMPOUNDS 
ALUMINUM FOIL 
ALUMINUM GALLIUM ARSENIDE 
ALUMINUM INTERMETALLICS 
ALUMINUM LAURATE 
ALUMINUM OXIDES 
ALUMINUM SOAPS 
ALUMINUM SULFATE 
ALUMS 

ALVEDLAR BONE 

ALVEOLI 

AMALGAMS 

AMATEX 

AMATOL 

AMAZON RIVER 

AMBIENT NOISE 
AMBIGUITY 

AMBULANCES 

AMBUSH 

AKEBIASIS 

AMERICAN INDIANS 
AMERICIUM 

AMERICIUM COMPOUNDS 
AMIDE HYDROLASES 
AMIDES 

AMIOINES 

AMINE FUELS 

AMINES 

AMINO АС105 

AMINO PLASTICS 
AMINOTRANSFERASES 
AMMETERS 

AMMINO COMPOUNDS 
AMMONIA 

AMMONIUM COMPOUNDS 
AMMONIUM NITRATE 
AMMONIUM PERCHLORATE 


UNCLASSIFIED 


5 
UNCLASSIFIEO 


DTIC POSTING TERMS 


AMMONIUM PICRATE 
AMMUNITION 

AMMUNITION BELT LINKS 
AMMUNITION CASES 
AMMUNITION COMPONENTS 
AMMUNITION CONTAINERS 
AMMUNITION DAMAGE 
AMMUNITION FEED MECHANISMS 
AMMUNITION FRAGMENTS 
AMNESIA 

AMNESIC APHASIA 
AMOEBA 

AMOEBINA 

AMORPHOUS MATERIALS 
AMORTIZATION 
AMPHETAMINES 
AMPHIBIANS 

AMPHIBIOUS AIRCRAFT 
AMPHIBIDUS ASSAULT SHIPS 
AMPHIBIDUS OPERATIONS 
AMPHIBIDUS SHIPS 
AMPHIBIOUS VEHICLES 
AMPHOTERIC 
AMPHOTERICIN 
AMPLIDYNES 
AMPLIFICATION 
AMPLIFIERS 

AMPLITUDE 

AMPLITUDE MODULATION 
AMPULES 

AMPUTATIDN 
AMPUTATION STUMPS 
AMPUTEES 

ANAEROBIC BACTERIA 
AKAEROBIC PRDCESSES 
ANALGESIA 

ANALGESICS 

ANALDG COMPUTER ANALYSIS 
ANALOG COMPUTERS 
ANALOG SIGNALS 
ANALOG SIMULATION 
ANALCG SYSTEMS 


ANALOG TO DIGITAL CONVERTERS 


ANALOGIES 

ANALOGS 

ANALYSIS OF VARIANCE 
ANALYSTS 

ANALYTIC FUNCTIONS 
ANALYTIC GEOMETRY 
ANALYTICAL CHEMISTRY 
ANALYZERS 
ANAPHYLATOXINS 
ANAPHYLAXIS 
ANASTOMOSIS 
ANATOMICAL MODELS 


ANCHORS ( MARINE ) 


4 


маш : 


UNCLASSIFIEO 


OTIC POSTING TERMS 


ANCHORS (STRUCTURAL ) 
ANCYLOSTOMA 

ANOROGENS 

ANECHOIC CHAMBERS 
ANEMIAS 

ANEMOMETERS 
ANESTHESIA 
ANESTHESIOLOGISTS 
ANESTHETICS 
ANGIOGRAPHY 
ANGIOTENSIN 

ANGLE BARS 

ANGLE OF ARRIVAL 
ANGLE CF ATTACK 

ANGLE OF ATTACK INDICATORS 
ANGLE OF INCIDENCE 
ANGLES 

ANGOLA 

ANGULAR ACCELERATION 
ANGULAR MOMENTUM 
ANGULAR MOTION 
ANHALONIUM ALKALOIDS 
ANHARMONIC DSCILLATORS 
ANHEDRAL ANGLE 
ANHYDRIOES 

ANILINES 

ANIMAL COMMUNICATION 
ANIMAL DISEASES 
ANIMAL HUSBANDRY 
ANIMAL MIGRATIONS 
AMIMALS 

ANTONS 

ANISDLE 

ANISOTROPY 

ANNEALING 

ANNELIDA 

ANNIHILATION RADIATION 
ANNIHILATION REACTIONS 
ANNULAR BURNERS 
ANNULAR NOZZLES 

ANODES 
ANODES(ELECTROLYTIC CELL) 
ANODES (ELECTRON TUBES) 
ANODIC COATINGS 
ANODIC POLARIZATION 
ANOMALIES 

ANOPHELES 

ANOREXIA 

ANOXIA 

ANTACIDS 

ANTARCTIC REGIONS 
ANTENNA APERTURES 
ANTENNA ARRAYS 

ANTENNA COMPONENTS 
ANTENNA CONFIGURATIONS 
ANTENNA COUPLERS 
ANTENNA FEEDS 

ANTENNA LOBES 

ANTENNA MASTS 
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UNCLASSIFIEO 


ANTENNA PEOESTALS 
ANTENNA RADIATION PATTERNS 
ANTENNA SIMULATORS 
ANTENNA WINDOWS 
ANTENNAS 

ANTHELMINTICS 
ANTHOXANTHIN PIGMENTS 
ANTHRACENES 

ANTHRACITE 

ANTHRANILIC ACIO 
ANTHRAQUINONES 

ANTHRAX 

ANTHRONES 

ANTHROPOLOGY 
ANTHROPOMETRY 
ANTIAIRCRAFT AMMUNITION 
ANTIAIRCRAFT OEFENSE SYSTEMS 
ANTIAIRCRAFT FIRE CONTROL SYSTEMS 
ANTIAIRCRAFT GUNNERY 
ANTIAIRCRAFT GUNS 
ANTIAIRCRAFT MISSILES 
ANTIAIRCRAFT WEAPONS 
ANTIARNOR AMMUNITION 
ANTIBIOTICS 

ANTIBODIES 
ANTICOAGULANTS 
ANTICONVULSANTS 
ANTICROP AGENTS 
ANTICYCLDNES 
ANTIDISTURBANCE DEVICES 
ANTIDIURETICS 

ANTIDOTES 

ANTIEMETICS 
ANTIFERROELECTRICITY 
ANT IFERROMAGNETISM 
ANTIFOGGING AGENTS 
ANTIFOGGING DEVICES 
ANTIFDULING 

ANTIFOULING COATINGS 
ANTIFREEZES 
ANTIFRICTION BEARINGS 
ANTIGEN ANTIBODY REACTIONS 
ANTIGENS 

ANTIHEMOPHILIA 
ANTIHISTAMINICS 
ANTIHYPOTENSIVE DRUGS 
ANTIINFLAMMATORY AGENTS 
ANTIINTRUSION DEVICES 
ANT 1JAMMING 

ANT IKNOCK 
ANTILYMPHOCYTE SERUM 
ANTIMALARIALS 
ANTIMATEXIEL AGENTS 
ANTIMATERIEL AMMUNITION 
ANTIMETABOLITES 
ANTIMICROBIAL AGENTS 
ANTIMISSILE OEFENSE SYSTEMS 
ANTIMONATES 

ANTIMONIDES 


M csi: 


ANTIMONY 


UNCLASSIFIEO 


ОТЇС POSTING TERMS 


ANTIMONY ALLOYS 
ANTIMONY COMPOUNOS 


ANTIOXIOANTS 

ANTIPARASITIC 
ANTIPARTICLES 
ANTIPERSONNEL 
ANTIPERSONNEL 
ANTIPERSONNEL 
ANTIPERSONNEL 
ANTIPERSONNEL 


ORUGS 


AGENTS 
AMMUNITION 
EFFECTS 
MINES 
WEAPONS 


ANTIPLATELET DRUGS 


ANTIPROTONS 
ANTIPYRETICS 


ANTIRADAR COATINGS 


ANTIRADI ATION 


MISSILES 


ANTIRAIN AGENTS 
ANTIREFLECTION COATINGS 
ANTISACCHARINE AGENTS 


ANTISATELLITE 


DEFENSE SYSTEMS 


ANTISCHISTOSOMAL DRUGS 
ANTISEIZE COMPOUNDS 
ANTISHIP AMMUNITION 
ANTISHIP MISSILES 
ANTISHIP WARFARE 
ANTISONAR COATINGS 


ANTISPASMOOIC 
ANTISUBMAR INE 
ANTISUBMARINE 
ANTISUBMARINE 
ANTISUBMARINE 
ANTISUBMARINE 
ANTISUBMARINE 
ANTISUBMARINE 
ANTISUBMARINE 


AGENTS 

AIRCRAFT 

AMMUNITION 

DEFENSE SYSTEMS 
FIRE CONTROL SYSTEMS 
MISSILES 

WARF ARE 

WEAPON PROJECTORS 
WEAPONS 


ANTISWEEP MINES 


ANTISWIMMER OEFENSE SYSTEMS 
ANTITANK AMMUNITION 
ANTITANK GUNS 
ANTITANK MINES 
ANTITANK MISSILES 
ANTITANK WARFARE 
ANTITANK WEAPONS 
ANTITORPEDO TORPEDOES 
ANTITORQUE ROTORS 
ANTITUBERCULAR AGENTS 
ANTIVEHICLE WEAPONS 
ANTIVIRAL AGENTS 
ANXIETY 
АМ/АРХ- 104 (v0) 

АОВТА 

AORTIC INSUFFICIENCY 
APERTURES 

APES 

APEU VIRUSES 

APHASIA 

APLYSIA 

APOGEE 

APPARENT OENSITY 
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APPENDAGES 
APPETITE 
APPLICATORS 
APPLIED MATHEMATICS 
APPLIED MECHANICS 
APPLIED PSYCHOLOGY 
APPRENTICESHIP 
APPROACH 
APPROACH INDICATORS 
APPROACH LIGHTS 
APPROXIMATION( MATHEMATICS ) 
APRONS 

APTITUDE TESTS 
APTITUDES 
AQUANAUTS 

AQUATIC ANIMALS 
AQUATIC BIOLDGY 
AQUATIC INSECTS 
AQUATIC DRGANISMS 
AQUATIC PLANTS 
AQUATIC WEEOS 
AQUICLUDES 
AQUIFERS 

ARAB GUERRILLAS 
ARABIA 

ARABIAN SEA 
ARABINOSE 

ARABS 

ARACHNIDS 
ARAGONITE 
ARBDVIRUSES 

ARC HEATERS 

ARC HEATING 

ARC JET ENGINES 
ARC LAMPS 

ARC MELTING 

ARC SPRAYING 

ARC WELDING 

ARC WELDS 

ARCH DAMS 
ARCHAEOLOGISTS 
ARCHAEDLDGY 
ARCHES 
ARCHIPELAGOES 
ARCHITECTS 
ARCHITECTURE 
ARCHIVES 

ARCTIC OCEAN 
ARCTIC DCEAN ISLANDS 
ARCTIC REGIONS 
AREA BOMBING 
AREA COVERAGE 
AREA OEFENSE 

AREA DENIAL 

AREA SCANNING 
AREA SECURITY 
AREA SUCTION 
ARECOLINE 
ARGENTINA 


UNCLASSIFIED 


OTIC POSTING TERMS 


ARGON 

ARGON LASERS 

ARIO LANO 

ARITHMETIC 

ARITHMETIC UNITS 

ARIZONA 

ARKANSAS 

ARMATURES 

ARMING OEVICES 

ARMING SEQUENCE 

ARMOR 

ARMOR PIERCING AMMUNITION 
ARMOR PLATE 

ARMOREO PERSONNEL CARRIERS 
ARMOREO VEHICLES 

ARMS CONTROL 
ARMS ( ANATOMY ) 

ARMY 

ARMY AIRCRAFT 

ARMY AVIATION 

ARMY BUDGETS 

ARMY CORPS CF ENGINEERS 
ARMY EQUIPMENT 

ARMY FACILITIES 

ARMY INTELLIGENCE 

ARMY DPERATIONS 

ARMY PERSDNNEL 

ARMY PLANNING 

ARMY PROCUREMENT 

ARMY RESEARCH 

ARMY RESEARCH LABORATORIES 
ARMY TRAINING 

AROMATIC COMPOUNDS 
AROMATIC HYOROCARBONS 
ARRAYS 

ARRESTING GEAR 

ARRESTING (PROCESS) 
ARRHENIUS EQUATION 
ARRHYTHMI A 

ARRIVAL 

ARSENATES 

ARSENIC 

ARSENIC AGENTS 

ARSENIC ALLOYS 

ARSENIC COMPOUNDS 
ARSENIC SULFIDES 
ARSENIDES 

ARSINES 

ARSONIC ACIO 

ARTERIES 

ARTHRITIS 

ARTHROPOD BORNE DISEASES 
ARTHROPOOA 

ARTIFACTS 

ARTIFICIAL INTE’ LIGENCE 
ARTIFICIAL LEATHER 
ARTIFICIAL LIMBS 
ARTIFICIAL PRECIPITATION 
ARTIFICIAL RADIOACTIVITY 
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ARTIFICIAL RESPIRATION 
ARTIFICIAL SATELLITES 
ARTIFICIAL SOILS 
ARTIFICIAL TISSUE 
ARTILLERY 

ARTILLERY AMMUNITION 
ARTILLERY FIRE 
ARTILLERY ROCKETS 
ARTILLERY UNITS 

ARYL ETHERS 

ARYL RADICALS 
ASBESTOS 

ASCARIS 

ASCENSION ISLAND 
ASCENT TRAJECTORIES 
ASCITES 

ASCOMYCETES 
ASCORBATES 

ASCORBIC ACIO 
ASEISMIC AREAS 
ASEPSIS 

ASHES 

ASIA 

ASPARTIC ACID 

ASPECT ANGLE 

ASPECT RATIO 

ASPHALT 

ASPHERICAL LENSES 
ASPHYXIATION 
ASPIRATORS 
ASPOROGENOUS BACTERIA 
ASSASSINATION 
ASSAULT 

ASSAYING 

ASSEMBLERS 

ASSEMBLY 

ASSEMBLY LANGUAGES 
ASSIMILATION 
ASSOCIATIVE PROCESSING 
ASTATINE 

ASTATINE COMPOUNDS 
ASTEROIDS 

ASTHMA 

ASTIGMATISM 
ASTRIONICS 
ASTROCYTES 
ASTROGEOLOGY 
ASTRONAUTICS 
ASTRONAUTS 
ASTRONOMERS 
ASTRONOMICAL BOOIES 
ASTRONOMICAL CAMERAS 
ASTRONOMICAL GEOOESICS 
ASTRONOMICAL INSTRUMENTS 
ASTRONOMICAL OBSERVATORIES 
ASTRONOMY 
ASTROPHYSICS 
ASYMMETRY 

ASYMPT^1C NORMALITY 


ASYMPTOTIC SERIES 
ASYNCHRONOUS COMPUTERS 
ASYNCHRONOUS SYSTEMS 
ATAXIA 

ATELECTASIS 
ATHEROSCLEROSIS 
ATLANTIC OCEAN 

ATLANTIC OCEAN ISLANDS 
ATMOSPHERE ENTRY 
ATMOSPHERE MOOELS 
ATMOSPHERES 

ATMOSPHERIC ATTENUATION 
ATMOSPHERIC CHEMISTRY 
ATMOSPHERIC CONDENSATION 
ATMOSPHERIC CORROSION 
ATMOSPHERIC OENSITY 
ATMOSPHERIC DISTURBANCES 
ATMOSPHERIC ELECTRICITY 
ATMOSPHERIC HEAVE 
ATMOSPHERIC MOTION 
ATMOSPHERIC PHYSICS 
ATMOSPHERIC PRECIPITATION 
ATMOSPHERIC REFRACTION 
ATMOSPHERIC SCATTERING 
ATMOSPHERIC SOUNOING 
ATMOSPHERIC TEMP RATURE 
ATMOSPHERIC TIDES 
ATMOSPHERIC WINDOWS 
ATMOSPHERICS 

ATOLLS 

ATOMIC BEAMS 

ATOMIC CHARGE 

ATOMIC CLOCKS 


ATOMIC ENERGY LEVELS 
ATOMIC ORBITALS 
ATOMIC PROPERTIES 
ATOMIC SPECTRA 
ATOMIC SPECTROSCOPY 
ATOMIC STRUCTURE 
ATOMIZATION 

ATOMS 

ATROPHY 

ATROPINE 

ATTACHMENT 

ATTACK 

ATTACK AIRCRAFT 
ATTACK BOMBERS 

ATTACK HELICOPTERS 
ATTACK SUBMARINES 
ATTENTION 
ATTENUATION 
ATTENUATORS 

ATTITUOE CONTROL SYSTEMS 
ATTITUDE INDICATORS 
ATTITUDES (PSYCHOLOGY ) 
ATTITUOE ( INCLINATION) 
ATTORNEYS 

ATTRITION 


ATOMIC OEMOLITION MUNITIONS 


UNCLASSIFIED 
DTIC POSTING TERMS 


9 
UNCLASSIFIED 


AUDIO AMPLIFIERS 

AUDIO FREQUENCY 

AUDIO TAPES 

AUDIO TONES 

AUDIGMETRY 

AUDIOVISUAL AIOS 
AUDITING 

AUDITORY ACUITY 
AUDITORY DEFECTS 
AUDITORY NERVE 
AUDITORY PERCEPTION 
AUDITORY SIGNALS 

AUGER ELECTRON SPECTROSCOPY 
AUGER ELECTRONS 

AUGERS 

AUGMENTATION 

AURORAE 

AUSTENITE 

AUSTRALIA 

AUSTRIA 

AUTOCLAVES 
AUTOCORRELAT ION 
AUTOFRETTAGE 

AUTOGYRO ROTORS 
AUTOGYROS 

AUTOIGNITION 
AUTOIMMUNE DISEASES 
AUTOIMMUNE REACTIONS 
AUTOIMMUNIZATION 
AUTOINTRUSION 

AUTOMATA 

AUTOMATIC 

AUTOMATIC FREQUENCY CONTROL 
AUTOMATIC GAIN CONTROL 
AUTOMATIC PILOTS 
AUTOMATIC PROGRAMMING 
AUTOMATIC TRACKING 
AUTOMATIC TRANSMISSIONS 
AUTOMATIC VOICE NETWORK 
AUTOMATIC WEAPONS 
AUTOMATION 

AUTOMOBILE EXHAUST 
AUTOMOTIVE COMPONENTS 
AUTOMOTIVE ENGINEERING 
AUTOMOTIVE ENGINEERS 
AUTOMOTIVE FUELS 
AUTOMOTIVE INDUSTRY 
AUTOMOTIVE VEHICLES 
AUTONOMIC AGENTS 
AUTONOMIC NERVOUS SYSTEM 
AUTONOMOUS NAVIGATION 
AUTOPSY 
AUTORADIOGRAPHY 
AUTOROTAT ION 

AUTOTRANS FORMERS 
AUTUMN 

AUXILIARY 

AUXILIARY POWER PLANTS 
AVAILABILITY 


UNCLASSIFIEO 


OTIC POSTING TERMS 


AVALANCHE DIOOES 
AVALANCHE EFFECT (ELECTRONICS) 
AVALANCHES 

AVIATION ACCIDENTS 
AVIATION FUELS 
AVIATION GASOLINE 
AVIATION GOGGLES 
AVIATION INJURIES 
AVIATION MEDICINE 
AVIATION PERSONNEL 
AVIATION SAFETY 
AVIATION TECHNICIANS 
AVIONICS 

AVC DANCE 

AWARDS 

AWARENESS 

AXES 

AXIAL FLOW 

AXIAL FLOW COMPRESSOR BLADES 
АХТА! FLOW COMPRESSORS 
AXIA! FLOW FANS 

AXIAL FLOW TURBINE ROTORS 
AXIAL FLOW TURBINES 
AXIALLY SYMMETRIC FLOW 
AXILLARY ARTERY 
AXISYMMETRIC 

AXLE SHAFTS 

AXGN PLASMA 
AZEOTROPES 

AZIDES 

AZIMUTH 

AZIMUTH GATING 

AZINES 

AZOBENZENES 

AZOLES 

AZORES 

AZOTOBACTER 
AZOTOBACTERACEAE 
AZULENES 

В AGENTS 

B BAND 

В TYPE STARS 

BABESIA 

BABOONS 

BACILLACEAE 

BACILLARY OYSENTERY 
BACILLUS 

BACILLUS ANTHRACIS 
BACILLUS CEREUS 
BACILLUS SUBTILIS 
BACILLUS THURINGIENSIS 
BACK PRESSURE 
BACKBLAST 

BACKFILLS 

BACKFIRE ANTENNAS 
BACKFLOW 

BACKGROUND 

BACKGROUNO NOISE 
BACKGROUND RADIATION 


10 
UNCLASSIFIED 


BACKLASH 

BACKLOBES 

BACKPACKS 
BACKSCATTERING 

BACKUP SYSTEMS 
BACKWARO WAVE AMPLIFIERS 
BACKWARO WAVE OSCILLATORS 
BACKWARO WAVE TUBES 
BACON 

BACTEREMIA 

BACTERIA 

BACTERIAL AEROSOLS 
BACTERIAL DISEASES 
BACTERIAL EXTRACTS 
BACTERIAL TOXINS 
BACTERIOLOGY 
BACTERIOPHAGES 
BACTEROIOES 

BAFFIN ISLAND 

BAFFLES 

BAGS 

BAHAMA ISLANDS 
BAILOUT 

ВА МТТЕ 

BALANCE 

BALANCE OF POWER 
BALANCES 

BALANTIOIUM 

BALL AMMUNITION 

BALL BEARINGS 

BALL JOINTS 

BALL MILLS 

BALL POWOER PROPELLANTS 
BALL VALVES 

BALLAST 

BALLAST TANKS 
BALLISTIC CAMERAS 

BAL ISTIC MISSILE SUBMARINES 
BALLISTIC TRAJECTORIES 
BALLISTICS 

BALLISTITE 
BALLISTOCARDIOGRAPHY 
BALLOON EQUIPMENT 
BALLOONS 
BALLOONSONDES 
BALLOTING(INTERIOR FALLISTICS) 
BALLUTFS 

BALTIC SEA 

BANACH SPACE 

BANANA PLANTS 

BAND SPECTRA 

BAND THEORY OF SOLIDS 
BANDPASS AMPLIFIERS 
BANDPASS FILTERS 
BANDSTOP FILTERS 

BANOS (STRIPS) 
BANOWIOTH 

BANKING 

BANKRUPTCY 
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BANKS(WATERWAYS) 
BAR CODES 
BARBADOS 
BARBITURATES 
BARBITURIC ACIOS 
BARE BASES 
BARENTS SEA 
BARGAINING 

BARGES 

BARIUM 

BARIUM ALLOYS 
BARIUM CHLORATES 
BARIUM COMPOUNDS 
BARIUM FERRITES 
BARIUM HALIOES 
BARIUM OXIOES 
BARIUM TITANATES 
BARLEY 

BARNACLES 
BAROMETERS 
BAROMETRIC PRESSURE 
BARRACKS 

BARRELS 

BARRIER COATINGS 
BARRIERS 

BARROW( ALASKA) 
BARTER ISLAND 
BARTONELLA 
BARTONELLA BACILLIFORMIS 
BARTONELLACEAE 
BARYONS 

BASALT 

BASE DETONATING FUZES 
BASE FLOW 

BASE LINES 

BASE METAL 

BASE PRESSURE 
BASEMENTS 

BASES (CHEMISTRY ) 
BASES (STRUCTURES ) 
BASES (TRANSISTORS) 
BASIOIOMYCETES 
BASINS (GEOGRAPHIC) 
BASOPHILS 

BATCH PROCESSING 
BATHS 

BATHYAL ZONES 
BATHYMETRY 
RATHYTHERMOGRAPH OATA 
BATHY THERMOGRAPHS 
BATS 


BATTALION LEVEL ORGANIZATIONS 


BATTERY CHARGERS 
BATTERY COMPARTMENTS 
BATTERY COMPONENTS 
BATTERY SEPARATORS 
BATTLEFIELDS 
BATTLES 

BATTLESHIPS 


UNCLASSIFIEO 
OTIC POSTING TERMS 


UNCLASSIFIEO 


BAYES THEOREM 
BAYONETS 

BAYS 
BAYS(STRUCTURAL UNITS) 
BAZOOKAS 

BEACH EROSION 

BEACH HEADS 

BEACHES 

BEACON LIGHTS 
BEACONS 

BEAOS 

BEAM FORMING 

BEAM HOLES 

BEAM LEAD TECHNOLOGY 
BEAM LEADS 

BEAM PDWER TUBES 
BEAM RIDER TRAJECTORIES 
BEAM SPLITTING 

BEAM STEERING 

BEAMS (ELECTROMAGNETIC) 
BEAMS (RADIATION) 
BEAMS (STRUCTURAL ) 
BEAN PLANTS 

BEANS 

BEARING CAGES 
BEARING RACES 
BEARING RDLLERS 
BEARING STRENGTH 
BEARINGS 

BEARING( DIRECTION) 
BEAT SIGNAL 

BEAUFORT SEA 

BED REST 

BEDDING 

BEDS(PROCESS ENGINEERING) 
BEEF 

BEESWAX 

BEHAVIOR 

BEHAVIORAL SCIENCE 
BELGIUM 

BELL NOZZLES 
BELLADONNA ALKALOIDS 
BELLOWS 

BELTS 

BENCH TESTS 

BENDING 

BENDING MOMENTS 
BENDING STRESS 
BENEFITS 

BENGAL BAY 

BENTHONIC ZONES 
BENZALOEHYDES 
BENZENE 

ВЕМТЕМЕ COMPOUNDS 
BENZENEBORDNIC ACID 
BENZIMIDAZOLES 
BENZOATES 

BENZDIC ACIDS 
BENZOIN 


BENZONITRILES 
BENZOPHENONES 
BENZOXAZOLES 

BENZYL RADICALS 
BERING SEA 

BERING STRAIT 
BERKELIUM 

BERKELIUM COMPOUNDS 
BERLIN 

BERMUOA 

BERNOULLI OISTRIBUTION 
BERYL 

BERYLLIDES 
BERYLLIUM 

BERYLLIUM ALLOYS 
BERYLLIUM COMPOUNOS 
BERYLLIUM OXIOES 
BESSEL FUNCTIONS 
BETA DECAY 

BETA PARTICLE REACTIONS 
BETA PARTICLES 

BETA RAY SPECTROSCOPY 
BETA RAY SPECTRUM 
BETATRONS 

BEVATRONS 

BEVERAGE ANTENNAS 
BEVERAGES 
BHANGMETERS 

BIAS 

BIAXIAL STRESSES 
BIBLIOGRAPHIES 
BICARBONATES 

BICEPS 

BICONICAL ANTENNAS 
BIFURCATION( BIOLOGY ) 
BIFURCATION( MATHEMATICS ) 
BIHARMONIC FUNCTIONS 
BIKINI ATOLL 

BILE 

BILE DUCTS 

BILE PIGMENTS 

BILGE KEELS 

BILGES 

BILIARY SYSTEM 
BILIRUBIN 

BILLETS 
BILLETS(MATERIALS ) 
BILLETS (PERSONNEL ) 
BINARY ALLOYS 
BINARY ARITHMETIC 
BINARY CHEMICAL AGENTS 
BINARY COMPOUNDS 
BINARY NOTATION 
BINARY PROCESSORS 
BINARY STARS 
BINDERS 

BINOCULARS 
BINOMIALS 
BIOACOUSTICS 


UNCLASSIFIEO 


DTIC POSTING TERMS 


12 
UNCLASSIFIEO 


BIOASSAY 

BIOCHEMICAL OXYGEN DEMAND 
BIOCHEMICAL REACTIVATION 
SICCHEMISTRY 

BIOCIOES 

BIOOETERIORATION 
BIOOYNAMICS 
BIOELECTRICITY 
BIOENGINEERING 
BIOFEEDBACK 

BIOGEOGRAPHY 

BIOGRAPHIES 
BIOINSTRUMENTATION 
BIOLOGICAL ABSORPTION 
BIOLOGICAL AERCSOLS 
BIOLOGICAL AGENT OETECTORS 
BIOLOGICAL AGENTS 
BIOLOGICAL BOMBS 
BIOLOGICAL CONTAMINATION 
BIOLOGICAL DETECTION 
BIOLOGICAL EXTRACTS 
BIOLOGICAL INACTIVATION 
BIOLOGICAL INSECT CONTROL 
BIOLOGICAL LABORATORIES 
BIOLOGICAL PEST CONTROL 
BIOLOGICAL PRODUCTS 
BIOLOGICAL RHYTHMS 
BIOLOGICAL STAINS 
BIOLOGICAL WARFARE 
BIOLOGICAL WARFARE AGENTS 


BIOLOGICAL WARFARE CASUALTIES 


BIOLOGICAL VEEO CONTROL 
BIOLOGISTS 

BIOLOGY 
BIOLUMINESCENCE 
BIOMAGNETISM 

BIOMASS CONVERSION 
BIOMECHANICS 


BIOMEDICAL INFORMATION SYSTEMS 


BIOMEDICINE 
BIOMETRY 
BIOMOLECULES 
BIONICS 

BIOPHYSICS 

BIOPSY 
BIOSTATISTICS 
BIOSYNTHESIS 

BI PHENYL 

BIPOLAR SYSTEMS 
BIPOLAR TRANSISTORS 
BIPROPELLANTS 

BIRD STRIKES 

BIRDS 
BIREFRINGENCE 
BIRTH 
BISCYCLOPENTADIENONES 
BISMUTH 

BISMUTH ALLOYS 
BISMUTH COMPOUNDS 


UNCLASSIFIED 


OTIC PDSTING TERMS 


BISMUTH OXIDES 
BISMUTH TELLURIOES 
BISMUTH TITANATE 
BISTABLE DEVICES 
BISTATIC DETECTION 
BISTATIC RADAR 
BISTATIC SONAR 

BITES AND STINGS 
BITUMENS 

BITUMINOUS COAL 
BITUMINOUS COATINGS 
BIVARIATE ANALYSIS 
BIVARIATE DENSITY FUNCTIONS 
BLACK AND WHITE PHOTOGRAPHIC FILM 
BLACK ANO WHITE PHOTOGRAPHY 
BLACK POWOER 

BLACK SEA 

BLACKBOOY RADIATION 
BLACKOUT ( PHYSIOLOGY ) 
BLACKOUT (PROPAGATION) 
BLACK( COLOR ) 

BLADDERS 

BLADDER. (URINARY ) 
BLADE AIRFOILS 
BLADES 

BLANKETS 

BLANKING( ELECTRONICS) 
BLAST 

BLAST FURNACES 

BLAST LOADS 

BLAST TUBES 

BLAST WAVES 
BLASTOMYCES 
BLATTIOAE 

BLEACHING AGENTS 
BLEED SYSTEMS 
BLENDING 

BLIND BOMBING 
BLINDNESS 

BLOCK COPOLYMERS 
BLOCK ISLAND 

BLOCK ISLAND SOUND 
BLDCK ORIENTED RANDOM ACCESS MEMORIES 
BLOCK POLYMERS 
BLOCKING 

BLOOD 

BLOOO AGENTS 

BLOOO ANALYSIS 

BLOOO BANKS 

BLOOD CELLS 

BLOOO CHEMISTRY 
BLOOD CIRCULATION 
8.000 COAGULATION 
BLOOO COUNTS 

BLOOD OISEASES 

BLOOO DONORS 

BLOOD GASES 

BLOOD GROUP DISORDERS 
BLOOO GROUPS 
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UNCLASSIFIED 


ТҰЛТЫ 2520 


BLOID PLASMA 

BLOOD PLASMA SUBSTITUTES 
BLOOD PLATELETS 
BLOOD PRESERVATION 
BLOOD PRESERVATIVES 
BLOOO PRESSURE 

BLOOO PROTEINS 

BLODD SERUM 

BLOOD STORAGE 

BLOOD SUBSTITUTES 
BLOOO SUCKING INSECTS 
BLODD TRANSFUSION 
BLODD VESSELS 

BLOOD VOLUME 
BLOOMING 

BLOWBY 

BLOWDOWN 

BLOWERS 

BLOWOFF 

BLOWOUTS 

BLUE (COLOR) 

BLUNT BODIES 

BDAT AND SHIP ACCIDENTS 
BOAT AND SHIP SAFETY 
BOATS 

BDATTAIL AFTERBODIES 
BDDIES 

BODIES OF REVOLUTION 
BODY ARMOR 

BODY FLUIOS 

BODY TEMPERATURE 
BOOY WEIGHT 
BOEHMITE 

BOILER COMPOUNDS 
BOILER TUBES 
BDILERS 

BOILING 

BOILING POINT 
BOILING WATER REACTORS 
BOILOFF 

BOLIVIA 


BOLIVIAN HEMORRHAGIC FEVER VIRUS 
BOLIVIAN HEMORRHAGIC FEVERS 


BOLOMETERS 

BOLTEO JOINTS 
BOLTS 

BOLTZMANN EQUATION 
BOMB AUXILIARY EQUIPMENT 
BOMB BAY DOORS 
BOMS BAYS 

BOMB CARRIERS 
BOMB CASES 

BOMB CLUSTERS 
BOMB COMPONENTS 
BOMB OAMAGE 

BOMB DIRECTORS 
BOMB EJECTORS 
BOMB FINS 

BOMB FUZES 


BOMB HANOLING VEHICLES 
BOMB HOISTS 
BOMB RACKS 

BOMB SKIDS 

BOMB TRAJECTORIES 
BOMB TRUCKS 
BOMBARDMENT SATELLITES 
BOMBARDMENT ( ATTACK ) 
BOMBER AIRCRAFT 
BOMBING 

BOMBING COMPUTERS 
BOMBLETS 

BOMBS 

BOMBSIGHTS 
BDNOEO JOINTS 
BONDING 

BONE FRACTURES 

BONE MARROW 

BONES 

BOOBY TRAPS 

BOOKS 

BOOLEAN ALGEBRA 
BOOMS ( EQUIPMENT ) 
BOOST GLIOE VEHICLES 
BOOST PHASE 

BOOSTER ROCKET ENGINES 
BOOSTERS (EXPLOSIVES) 
BOOTS 

BORANES 

BORATES 

BORDETELLA 
BORDETELLA PERTUSSIS 
BOREDOM 

BOREHOLES 

BORES 

BORESCCPES 
BORESIGHTING 

BORIC ACID 

BORIDES 

BORINES 

BORNEO 

BOROHYDRIOES 

BORON 

BORON ALLOYS 

BORON CARBIOES 
BORON COMPOUNDS 
BORON HYDRIDES 
BORON NITRIOES 
BORDN OXIOES 
BORRELIA 

BORRELIA RECURRENTIS 
BCSONS 

BOTANY 

BOTTLES 

BOTTOM 

BOTTOM BOUNCE 
BOTTOM LOSS 

BOTTOM WATERS 
BOTULISM 


UNCLASSIFIEO 
OTIC POSTING TERMS 
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UNCLASSIFIED 


BOUGUEP GRAVITY ANOMALIES 
BOULOERS 

BOUNDARIES 

BOUNDARY LAYER 

BOUNDARY LAYER CONTROL 
BOUNOARY LAYER FLOW 
BOUNOARY LAYER TRANSITION 
BOUNDARY VALUZ PROBLEMS 
BOVINES 

BOW SHOCK 

BOX BEAMS 

BOXCARS 

BOXES 

BRACKISH WATER 
BRADYCARDIA 

BRAGG ANGLE 

BRAIDS 

BRAIN 

BRAIN DAMAGE 
BRAINWASHING 

BRAKE FLUXOS 

BRAKES 

BRAKING 

BRASS 

BRASSBOARD MODELS 
BRAYTON CYCLE 

BRAZEO JOINTS 

BRAZIL 

BRAZING 

BRAZING ALLOYS 

BREAD 

BREADEDARD MODELS 
BREAKDOWN(ELECTRONIC THRESHOLD) 
BREAKPOINT TEMPERATURES 
BREAKWATERS 

BREATHING APPARATUS 
BREATHING GASES 
BREATHING MASKS 

ВЕЕЉСН MECHANISMS 
BREEDER REACTORS 
BREEOING 
BREMSSTRAHLUNG 

BRIBERY 

BRICK 

BRIDGES 

BRIGADE LEVEL ORGANIZATIONS 
BRIGHTNESS 

BRILLOUIN ZONES 

BRINES 

BRITISH COLUMBIA 
BRITTLENESS 

BROACHES 

BROADBAND 

BROADBANO ANTENNAS 
BROADBAND TRANSDUCERS 
BROMIOES 

BROMINAT ION 

BROMINE 

BROMINE COMPOUNDS 


UNCLASSIFIED 


DTIC POSTING TERMS 


BRDMPHENOL BLUE 
BRONCHI 

BRONCHITIS 
BRONCHOGRAFHY 
BRONCHOPNEUMONIA 
BRONZE 

BROWNIAN MOTION 
BROWNOUTS(ELECTRIC POWER) 
BRUCELLA 

BRUCELLA ABORTUS 
BRUCELLA BRONCHISEPTICA 
BRUCELLA MELITENSIS 
BRUCELLA SUIS 
BRUCELLACEAE 
BRUCELLOSIS 

BRUSHES 

BRUSHLESS ELECTRIC EQUIPMENT 
BUBBLE CHAMBERS 
BUBBLE MEMORIES 
BUBBLES 

BUCCA 

BUCKL ING 
BUCKLING(NEUTRON DENSITY: 
BUDGETS 

BUFFER STORAGE 
BUFFERS 
BUFFERS(CHEMISTRY ) 
BUFFET ING 

BUILDINGS 

BULGARIA 

BULGING 

BULK CARGO 

BULK FILTERING 
BULK MATERIALS 
BULK MODULUS 

BULK SEMICONDUCTORS 
BULKHEADS 
BULLDOZERS 

BULLET WOUNDS 
BULLETPROOF GLASS 
BUNDLES 


BURIED ОВЈЕСТ5 
BURMA 

BURNABLE POISONS 
BURNERS 

BURNING RATE 


BURNOUT 
BURNS ( INJURIES) 
BURNTHROUGH 

BURST TRANSMISSION 
BURSTING CHARGES 
BURSTING STRENGTH 
BUS CONDUCTORS 
BUSHINGS 
BUTADIENES 

BUTANES 


18 
UNCLASSIFIED 


BUTANOLS 
BUTANONES 
BUTENES 

BUTT WELDING 
BUTTERFLY VALVES 
BUTTOCKS 

BUTYL RADICALS 
BUTYL RUBBER 
BUTYRATES 
BUTYRIC ACIDS 
BUZZARDS BAY 
BYPASS VALVES 
BYTE FUNCTIONAL MODULES 
BZ AGENTS 

C AGENTS 

C BAND 


‘CABLE ASSEMBLIES 


CABLE CUTTING DEVICES 
CABLE FAIRINGS 

CABLE GRIPS 

CABLE REELS 

CABLE TELEVISION 
CABLES 

CACAO 

CADAVERS 

CADETS 

CADMIUM 

CADMIUM ALLOYS 
CADMIUM COMPOUNDS 
CADMIUM SELENIDES 
CADMIUM SULFIDES 
CADMIUM TELLURIDES 
CAFFEINE 
CALCIFICATION 
CALCITE 

CALCITONIN 

CALCIUM 

CALCIUM ALLOYS 
CALCIUM COMPOUNDS 
CALCIUM FLUORIDES 
CALCIUM HYDRIDES 
CALCIUM OXIDES 
CALCULATDRS 

CALCULI 

CALCULUS 

CALCULUS OF VARIATIONS 
CALENDERING( SHEET FORMING) 
CALIBRATION 
CALIFORNIA 
CALIFDRNIA ENCEPHALITIS VIRUS 
CALIFORNIUM 
CALIFORNIUM COMPOUNDS 
CALLIGRAPHIC DISPLAYS 
CALORIFIC VALUE 
CALORIMETERS 
CALORIMETRY 

CAMBER 

CAMBODIA 

CAMERA COMPONENTS 


CAMERA CONTROLS 
CAMERA LENSES 
CAMERA MAGAZINES 
CAMERA MOUNTS 
CAMERA SHUTTERS 
CAMERA TUBES 
CAMERA VIEWFINOERS 
CAMERAS 

CAMOUFLAGE 

CAMS 

CANADA 

CANADIAN EQUIPMENT 
CANALS 

CANARD CONFIGURATION 
CANARY ISLANDS 
CANCELLATION 
CANCER 

CANDIDA 

CANDLES 

CANISTER PROJECTILES 
CANISTERS 
CANNABINOLS 
CANNABIS 

CANNED FOODS 
CANNING 
CANNULATION 
CANOPIES 

CANTED NOZZLES 
CANTILEVER BEAMS 
CANTON ISLAND 
CANYONS 

CAPACITANCE 
CAPACITANCE BRIDGES 
CAPACITORS 
CAPACITY (QUANTITY) 
CAPE HATTERAS 
CAPILLARIES( ANATOMY ) 
CAPILLARITY 
CAPILLARY TUBES 
CAPILLARY WAVES 
CAPPING 
CAPROLACTONES 
CAPSULES ( PHARMACY ) 
CAPS(EXPLOSIVES) 
CAPTIVE AIRSPACE CRAFT 
CAPTIVE FLIGHT 
CAPTIVE TESTS 
CAPTOR MINES 
CARBACHOL 
CARBAMATES 
CARBAMIC ACID 
CARBENES 

CARBIDE TOOLS 
CARBIDES 

CARBINOLS 
CARBOHYDRATE METABOLISM 
CARBOHYDRATES 
CARBON 

CARBON ALLOYS 


UNCLASSIFIED 
DTIC POSTING TERMS 


UNCLASSIFIED 


CARBON ARC LAMPS 

CARBON BLACK 

CARBON BRUSHES 

CARBON CARBON COMPOSITES 
CARBON CARBON LYASES 
CARBON COMPOUNDS 

CARBON OIOXIDE 

CARBON OIOXIDE LASERS 
CARBON DISULFIDE 

CARBON FIBERS 

CARBON MONOSULFIDE 
CARBON MONOXIDE 

CARBON MONOXIDE INDICATORS 
CARBON MONOXIDE LASERS 
CARBON MONOXIDE POISONING 
CARBON OXYGEN LYASES 
CARBON PHENOLIC MATERIALS 
CARBON REINFORCED COMPOSITES 
CARBON REMOVING COMPOUNDS 
CARBON RESISTORS 

CARBON STEELS 

CARBON TETRABROMIDE 
CARBON TETRACHLORIDE 
CARBON TETRAFLUORIDE 
CARBON YARN 

CARBONATE MINERALS 
CARBONATES 

CARBONIC ANHYDRASE 
CARBONYL COMPOUNDS 
CARBORANES 

CARBORANYL RADICALS 
CARBOXY LYASES 

CARBOXYL GROUPS 
CARBOXYLIC ACIOS 
CARBOXYLIC ESTER HYDROLASES 
CARBOXYME THYLCELLULOSE 
CARBURETOR AIR SCOOPS 


‘CARBURETORS 


CARBURIZING 
CARCINUGENESIS 
CARCINOGENS 
CARCINOTRONS 
CAROBOARD BOXES 
CAROIAC ARPEST 
CARDIAC GLYCOSIDES 
CAROIAC PATIENTS 
CAROIOGRAPHY 
CARDIOLOGISTS 
CARDIOLOGY 
CAROIOTACHOMETRY 
CARDIOVASCULAR AGENTS 
CARDIOVASCULAR DISEASES 
CARDIOVASCULAR SYSTEM 


CARGO HANOLING 
CARGO NETS 
CAKGO PARACHUTES 


Жы 


UNCLASSIFIED 


OTIC POSTING TERMS 


CARGO SHIPS 

CARGO VEHICLES 
CARIBBEAN SEA 

CARNI VORA 

CAROTENOIOS 

CAROTIO ARTERY 

CARPETS 

CARRIAGES 

CARRIER BASEO AIRCRAFT 


CARRIER CONTROLLEO APPROACH RADAR 


CARRIER FREQUENCIES 
CARRIER LANDINGS 

CARRIER MOBILITY 

CARRIER ON BOARD OELIVERY 
CARRIER WAVES 

CARROTS 

CARTESIAN COORDINATES 
CARTILAGE 

CARTRIDGE CASE EXTRACTORS 
CARTRIDGE CASES 
CARTRIDGES 

CARTRIDGES (PAD) 

CASCADE STRUCTURES 
CASCADES( FLUID DYNAMICS) 
CASE BDNDING 

CASE HARDENING 

CASE STUDIES 

CASEIN 

CASELESS AMMUNITION 
CASPIAN SEA 

CASSEGRAIN ANTENNAS 
CASSEGRAIN TELESCOPES 
CASSEGRAINIAN OPTICAL SYSTEMS 
CASSETTES 

CASTING 

CASTING ALLOYS 

CASTINGS 

CASUALTIES 

CASUALTY CENTERS 
CATABOLISM 

CATALASE 

CATALOGS 

CATALYSIS 

CATALYSTS 

CATALYTIC CONVERTERS 
CATALYTIC CRACKING 
CATAMARANS 

CATAPULTS 

CATARACTS 

CATASTRDPHIC CONDITIONS 
CATECHOLAMINES 
CATENARIES 

CATHARTICS 

CATHETERS 

CATHODE FOLLOWERS 
CATHODE RAY TUBE SCREENS 
CATHODE RAY TUBES 
CATHODES 

CATHOOES( ELECTROLYTIC CELL) 
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CATHOOES(ELECTRON TUBES) 
CATHOOIC PROTECTION 
CATHODOLUMINESCENCE 
CATICNS 

CATS 

CAUCASIANS 

CAUCHY PROBLEM 
CAUSEWAYS 

CAUSTICS 

CAVALRY 

CAVES 

CAVITATION 
CAVITATION CORROSION 
CAVITATION NOISE 
CAVITIES 

CAVITY LINERS 

CAVITY RESONATORS 
CECUM 

CEILING 

CELERY 

CELESTIAL GUIDANCE 
CELESTIAL MECHANICS 
CELESTIAL NAVIGATION 
CELL Di /TSZQN 

CELL STRUCTURE 

CELL WALL 

CELLOPHANE 

CELLS 

CELLS (810LOGY ) 
CELLULASE 

CELLULOSE 

CELLULOSE ACETATES 
CELLULOSE ESTERS 
CELL“ DSE ETHERS 
CELLULDSIC RESINS 
CEMENTS 

CENSORSHIP 

CENSUS 

CENTER OF GRAVITY 
CENTRAL AMERICA 
CENTRAL EUROPE 
CENTRAL NERVOUS SYSTEM 
CENTRAL PRDCESSING UNITS 
CENTRALIZEO 
CENTRIFUGAL CASTING 
CENTRIFUGAL COMPRESSORS 
CENTRIFUGAL FIELDS 
CENTRIFUGAL FORCE 
CENTRIFUGAL PUMPS 
CENTRIFUGE SEPARATION 
CENTRIFUGES 
CEPHALOMETRY 
CEPHALOPODA 
CEPSTRUM TECHNIQUE 
CERAMIC BODIES 
CERAMIC CAPACITORS 
CERAMIC COATINGS 
CERAMIC FIBERS 
CERAMIC MATERIALS 
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CERCARIAE CHELATING AGENTS 
SEREAL PRODUCTS CHELATION 
CEREALS CHEMICAL AGENT DETECTORS 
CEREBELLUM CHEMICAL AGENT SIMULANTS 
| CEREBRAL CORTEX CHEMICAL AGENTS 
| CEREBROSPINAL FLUIO CHEMICAL ANALGGS 
CEREBROSPINAL MENINGITIS CHEMICAL ANALYSIS 
CEREBROVASCULAP SYSTEM CHEMICAL ATTACK (DEGRADATION) 
CER=RRUM CHEMICAL BOMBS 
CERENKOV RADIATION CHEMICAL BONDS 
CERIUM CHEMICAL CLEANING 
CERIUM ALLOYS CHEMICAL COMPOSITION 
CERIUM COMPOUNDS CHEMICAL COMPOUNDS 
CERMETS CHEMICAL CONTAMINATION 
CESIUM CHEMICAL DERIVATIVES 
CESIUM ALLOYS CHEMICAL DISSOCIATION 
CESIUM COMPOUNDS CHEMICAL ELEMENTS 
CESIUM ELECTRON TUBES CHEMICAL ENGINEERING 
CETACEA CHEMICAL EQUILIBRIUM 
ССТАМЕ NUMBER CHEMICAL INDICATORS 
| СНАРЕ CHEMICAL INDUSTRY 
CHAFF CUTTERS CHEMICAL INFORMATION SYSTEMS 
CHAFF DISPENSERS CHEMICAL LABORATORIES 
CHAGAS DISEASE CHEMICAL LASERS 
CHAIN REACTIONS CHEMICAL MILLING 
| СНА1М5 CHEMICAL OCEANOGRAPHY 
CHAIRS CHEMICAL ORDNANCE 
CHALCOGENS CHEMICAL PRECIPITATION 
AE CHALKING PROPERTIES CHEMICAL PROJECTILES 
m CHALONES CHEMICAL PROPERTIES 
Bii CHAMBERS CHEMICA! RADICALS 
3 CHANCROIO CHEMICAL REACTIONS 
CHANGE DETECTION CHEMICAL REACTORS 
| CHANNEL FLOW CHEMICAL SHIFTS 
CHANNEL SELECTORS CHEMICAL WARFARE 
CHANNELS СНЕМТЗАЕ WARFARE AGENTS 
CHANNELS ( WATERWAYS ) CHEMICAL WARFARE CASUALTIES 
| CHAPLAINS CHEMICAL WARFARE INJURIES 
CHAR 011 CHEMICAL WARFARE LABORATORIES 
CHARACTER GENERATORS CHEMICALS 
i CHARACTER RECOGNITION CHEMILUMINESCENCE 
CHARCOAL CHEMISORPTION 
| CHARGE CARRIERS CHEMISTRY 
CHARGE COUPLED DEVICES CHEMISTS 
| CHARGE DENSITY CHEMORECEPTORS 
| ' CHARGE TRANSFER CHEMOTAXIS 
CHARGED PARTICLES CHEMOTHERAPEUTIC AGENTS 
CHARPY IMPACT TESTS CHEMOTHERAPY 
| СНАВВ1МС CHERRIES 
| СНАВТ5 CHESAPEAKE BAY 
4 CHASSIS CHI SQUARE TEST 
Я CHEBYSHEV APPROXIMATIONS CHICKENS 
CHEBYSHEV FUNCTIONS CHIKUNGUNYA VIRUS 
CHEBYSHEV POLYNOMIALS CHILDREN 
CHECK VALVES CHILE 
j СНЕСКОЙТ EQUIPMENT CHIMNEYS 
"P CHECKDUT PROCEDURES CHIMPANZEES 
+ CHEESES CHINA 
CHELATE COMPOUNDS CHINESE LANGUAGE 
12 
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CHIPS(ELECTRONICS) 
CHIRP FILTERS 

CHIRP RADAR 

CHITIN 

CHLAMYDIA 

CHLAMYOIA TRACHOMATIS 
CHLAMYDIACEAE 
CHLORALOSE 
CHLORAMPHENICOL 
CHLORATES 

CHLORDANE 

CHLORELLA 

CHLORIDES 
CHLORINATED HYDROCARBONS 
CHLORINATION 
CHLORINATION EQUIPMENT 
CHLORINE 

CHLDRINE COMPOUNDS 
CHLDRINE TRIFLUORIDE 
CHLORITES 
CHLOROBENZENE 

CHLOROE THANES 
CHLOROFORM 

CHLOROME THANE S 
CHLOROPHYLLS 
CHLOROPLASTS 
CHLORDPRENES 
CHLORDQUINE 
CHLDROSILANES 
CHLORPROMAZINE 
CHLORTETRACYCLINE 
CHOCKS 

CHOCOLATE 

CHOKING AGENTS 
CHOLERA 

CHOLESTEROL 
CHOLESTERYL ESTERS 
CHOLINE ACETYL TRANSFERASE 
CHOLINERGIC NERVES 
CHOLINES 
CHOLINESTERASE 
CHOLINESTERASE INHIBITORS 
CHONDRI СНТНУ Е5 
CHONDROITIN 
CHORIORETINAL BURNS 
CHOROID PLEXUS 
CHRISTMAS ISLAND 
CHROMATES 
CHRDMATICITY 
CHROMATIN 
CHROMATOGRAPHIC ANALYSIS 
CHROMATOGRAPHS 
CHROMATOGRAPHY 
CHROMIC ACID 
CHROMIUM 

CHROMIUM ALLOYS 
CHROMIUM COMPOUNDS 
CHROMIZING 
CHROMOPHORES 
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CHROMOPROTE INS 
CHROMOSOMES 
CHROMOSPHERE 
CHROMYL RADICALS 
CHRONOBIOLDGY 
CHRONOME TERS 
CHUKCHI SEA 
CHURCHES 
CHYMOTRYPSIN 

CILIA 

CILIATA 

CINCHONA ALKALDIDS 
CINEMATOGRAPHY 
CINEPHO TOMACROGRAPHY 
CINEPHOTOMICROGRAPHY 
CINNABAR 

CINNAMIC ACID 
CIRCADIAN RHYTHMS 
CIRCLES 

CIRCUIT ANALYSIS 
CIRCUIT BDARDS 
CIRCUIT BREAKERS 
CIRCUIT INTERCONNECTIONS 
CIRCUIT TESTERS 
CIRCUITS 

CIRCULAR 

CIRCULAR ANTENNAS 
CIRCULAR ERRDR PRDBABLE 
CIRCULAR ORBITS 
CIRCULAF. WINGS 
CIRCULATING FUEL REACTORS 
CIRCULATION 
CIRCUMLUNAR TRAJECTORIES 
CIRRUS CLOUOS 
CITRATES 

CITRIC ACID 

CITRUS FRUIT 

CIVIC ACTIDN 

CIVIL AFFAIRS 

CIVIL AVIATION 
CIVIL DEFENSE 

CIVIL DISTURBANCES 
CIVIL ENGINEERING 
CIVILIAN PERSONNEL 
CIVILIAN POPULATION 
CLADDING 

CLAMPS 

CLAMS 

CLARIFICATION 
CLARIFIERS 
CLASSIFICATION 
CLASSIFIED MATERIALS 
CLATHRATE COMPOUNDS 
CLAY 

CLAY MINERALS 

CLEAN RODMS 
CLEANING 

CLEANING COMPOUNDS 
CLEAR AIR TURBULENCE 


CLEAR WEATHER 
CLEARANCES 

CLEAVAGE 

CLIFFS 

CLIMATE 

CLIMBING 

CLINICAL LABORATORIES 
CLINICAL MEDICINE 
CLIPPER CIRCUITS 

CLOCK DELAY MECHANISMS 
CLOCKS 

CLOSE SUPPORT 

CLOSEO BOMB TESTS 
CLOSED CIRCUIT REFUELING 


CLOSED CIRCUIT TELEVISION 


CLOSED CYCLE SYSTEMS 


CLOSED ECOLDGICAL SYSTEMS 


CLOSED LOOP SYSTEMS 
CLOSTRIDIOPEPTIDASE A 
CLDSTRIDIUM 
CLOSTRIDIUM BOTULINUM 
CLOSTRIDIUM PERFRINGENS 
CLDSTRIDIUM SPOROGENES 
CLDSTRIDIUM TETANI 
CLDSTRIDIUM WELCHII 
CLDSURES 

CLOTHING 

CLOUD CHAMBERS 

CLDUD COVER 

CLDUD HEIGHT INDICATORS 
CLDUD PHYSICS 

CLOUD SEEDING 

CLOUDS 

CLUSTER WARHEADS 
CLUSTER WEAPDNS 
CLUSTERING 

CLUTCHES 

CLUTTER 

CNS DEPRESSANTS 

CNS STIMULANTS 
COAGULATION 

COAL 

COAL GAS 

COAL MINES 

COAL TAR 

COALESCENCE 

COANDA EFFECT 

COAST GUARD 

COAST GUARD AIRCRAFT 
COAST GUARD EQUIPMENT 
COAST GUARD DPERATIONS 
COAST GUARD RESEARCH 
COAST GUARD SHIPS 
COASTAL REGIONS 
COATINGS 

COAXIAL CABLES 

COAXIAL CONFIGURATIONS 
COAXIAL FILTERS 

COBALT 
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COBALT ALLOYS 

COBALT COMPOUNDS 
COBALT OXIDES 

COBRAS 

COCAINE 

COCCIDIDIDES 
COCCIDIOIDES IMMITIS 
CDCCIDIOIDIN 
COCCIDIOSIS 

COCCIDIUM 

COCHLEA 

COCHLEAR NERVE 
CDCKPITS 

СОСКВОГТ WALTON ACCELERATORS 
CDDERS 

CODING 

COEFFICIENTS 
COELENTERATA 
COELOSTATS 

COENZYMES 

COERCIVE FORCE 

COFFEE 

COGNITIDN 

COHERENCE 

COHERENT ELECTROMAGNETIC RADIATION 
COHERENT DPTICAL RADIATION 
COHERENT RADAR 
COHERENT RADIATIDN 
COHERENT SCATTERING 
COHESION 

COILS 

COINCIDENCE COUNTING 
COINCIDENCE RANGE FINDING 
COLCHICINE 

COLO CATHODE TUBES 
COLD DRAWING 

CDLD FLDW 

COLO FOG 

COLD FRONTS 

COLD GASES 

COLD REGIONS 

COLD ROLLED PROCESS 
COLD STORAGE 

COLD WAR 

COLD WEATHER 

COLD WEATHER OPERATIONS 
COLD WEATHER TESTS 
COLD WELDING 

COLD WORKING 
COLEOPTERA 

COLIFORM BACTERIA 
COLIPHAGE 

COLITIS 

COLLAGEN 

COLLAGENASE 

COLLAPSE 

COLLAPSIBLE STRUCTURES 
COLLARS 

COLLECTING METHODS 
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COLLECTION 
COLLIMATORS 

COLLISION AVOIDANCE 
COLLISION BROADENING 
COLLISIONS 

COLLOIO CORE REACTORS 
COLLOIOS 

COLOMBIA 

COLON 
COLONIE S( BIOLOGY ) 
COLOR CENTERS 

COLOR FILM 

COLOR PHOTOGRAPHY 
COLOR SEPARATION 

COLOR TELEVISION 
COLOR TELEVISION TUBES 
COLOR TEMPERATURE 
COLOR VISION 

COLORADO 

COLORADO RIVER 
COLORADO TICK VIRUS 
COLORANTS 

COLORED FLARES 
COLOREO SMOKES 
COLORIMETERS 
COLORIMETRIC ANALYSIS 
COLORIMETRY 

COLORING 

COLORS 

COLUMN CHROMATOGRAPHY 
COLUMNS (SUPPORTS ) 
COMA( PHYSIOLOGY ) 
COMBAT AREAS 

COMBAT EFFECTIVENESS 
COMBAT FILMS 

COMBAT FORCES 

COMBAT INFORMATION CENTERS 
COMBAT NOISE 

COMBAT PATROLS 

COMBAT READINESS 
COMBAT SUPPORT 

COMBAT SURVEILLANCE 
COMBAT VEHICLES 
COMBINATORIAL ANALYSIS 
COMBUSTIBLE CARTRIOGE CASES 
COMBUSTION 

COMBUSTION CHAMBER GASES 
COMBUSTION CHAMBER LINERS 
COMBUSTION CHAMBERS 
COMBUSTION DEPOSITS 
COMBUSTION PRODUCTS 
COMBUSTION STABILITY 
COMBUS TORS 

COMETS 

COMMAND AND CONTROL SYSTEMS 
COMMAND GUIOANCE 
COMMERCE 

COMMERCIAL AIRCRAFT 
COMMERCIAL AVIATION 
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COMMERCIAL COMMUNICATIONS 
COMMERCIAL EQUIPMENT 
COMMERCIAL FISHING 
COMMINUTION 

COMMODITIES 

COMMUNICABLE OISEASES 
COMMUNICATION ANO RADIO SYSTEMS 
COMMUNICATION BUOYS 
COMMUNICATION EQUIPMENT 
COMMUNICATION SATELLITE TERMINALS 
COMMUNICATION SATELLITES 
COMMUNICATION SWITCHING CENTERS 
COMMUNICATION TERMINALS 
COMMUNICATIONS CENTRALS 
COMMUNICATIONS COUNTERMEASURES 
COMMUNICATIONS INTELLIGENCE 
COMMUNICATIONS NETWORKS 
COMMUNICATIONS TRAFFIC 
COMMUNISM 

COMMUNIST COUNTRIES 
COMMUNISTS 

COMMUNITIES 

COMMUNITY RELATIONS 
COMMUTATORS 

COMPACTING 

COMPACTORS 

COMPANY LEVEL ORGANIZATIONS 
COMPARATORS 

COMPARISON 

COMPARTMENTS 

COMPASSES 

COMPATIBILITY 

COMPENSATION 

COMPENSATORS 

COMPILERS 

COMPLEMENTARY METAL OXIDE SEMICONDUCTO£S 
COMPLEMENT ( BIOLOGY ) 

COMPLEX COMPOUNDS 

COMPLEX IDNS 

COMPLEX NUMBZRS 

COMPLEX VARIABLES 
COMPLIANT WALLS 

COMPOSITE AIRCRAFT 
COMPOSITE ARMOR 

COMPOSITE IMAGES 

COMPDSITE MATERIALS 
COMPOSITE PROPELLANTS 
COMPOSITE STRUCTURES 
COMPOSITE WINGS 
COMPOSITION BOARD 
COMPOSITION( PROPERTY ) 
COMPOSTS 

COMPOUND ENGINES 
COMPREHENSION 

COMPRESSEO AIR 

COMPRESSED FOODS 
COMPRESSIBLE FLOW 
COMPRESSION 

COMPRESSION IGNITION 
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COMPRESSION IGNITION ENGINES 
COMPRESSION MOLDING 
COMPRESSION RATIO 
COMPRESSIVE PROPERTIES 
COMPRESSOR BLADES 
COMPRESSOR NOISE 
COMPRESSOR PARTS 
COMPRESSOR ROTORS 
COMPRESSOR STATORS 
COMPRESSORS 

COMPTON SCATTERING 
COMPTROLLERS 

COMPUTATIONAL LINGUISTICS 
COMPUTATIONS 

COMPUTER AIDEO DESIGN 
COMPUTER AIDED DIAGNOSIS 
COMPUTER AIDED INSTRUCTION 
COMPUTER APPLICATIONS 
COMPUTER ARCHITECTURE 
COMPUTER COMMUNI CATIONS 
COMPUTER FILES 

COMPUTER GRAPHICS 

COMPUTER LOGIC 

COMPUTER OPERATORS 
COMPUTER PERSONNEL 
COMPUTER PRINTOUTS 
COMPUTER PROGRAM DOCUMENTATION 
COMPUTER PROGRAM RELIABILITY 
COMPUTER PROGRAM VERIFICATION 
COMPUTER PROGRAMMING 
COMPU:ER PROGRAMS 
COMPUTERIZED SIMULATION 
COMPUTERS 

CONCAVE BODIES 

CONCEALMENT 

CONCENTRATED FOODS 
CONCENTRAT ION ( CHEMISTRY ) 
CONCENTRATIQN(COMPOSITION) 
CONCRETE 

CONCUSSION 

CONDENSATION 

CONDENSATION NUCLEI 
CONDENSATION REACTIONS 
CONDENSATION TRAILS 
CONDENSER TUBES 
CONDENSERS ( LIQUEFIERS) 
CONDIMENTS 

CONDITIONED RESPONSE 

CONDO TIONING( LEARNING) 
CONDUCTION BANDS 
CONDUCTION(HEAT TRANSFER) 
CONDUCTIVE LIQUiUS 
CONDUCTIVITY 

CONDUIT PLIERS 

CONDUITS 

CONFERENCING: COMMUNICATIONS ) 
CONFIDENCE L':VEL 
CONFIOENCE LIMITS 
CONFIGURATION MANAGEMENT 
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CONFIGURATIONS 

CONFINED ENVIRONMENTS 
CONFINEMENT ( GENERAL ) 
CONFINEMENT (NUCLEAR REACTORS) 
CONF INEMENT (PSYCHOLOGY ) 
CONFLICT 

CONFLUENCE 

CONFORMAL MAPPING 
CONFORMAL STRUCTURES 
CONFORMITY 
CONFRONTATION 
CONGENITAL ABNORMALITIES 
CONGESTION 

CONGO RIVER 

CONGRESS 

CONICAL ANTENNAS 
CONICAL BODIES 

CONICAL NOZZLES 

CONICAL SCANNING 
CONICAL WINGS 
CONJUNCTIVITIS 
CONNECTICUT 

CONNECTICUT RIVER 
CONNECTING RODS 
CONNECTIVE TISSUE 
CONNECTORS 
CONSCIOUSNFSS 
CONSERVATION 
CONSISTENCY 

CONSOLES 

CONSORTIUMS 

CONSTANTS 
CONSTELLATIONS 
CONSTRICTIONS 
CONSTRUCTION 
CONSTRUCTION EQUIPMENT 
CONSTRUCTION MATERIALS 
CONSUMABLE ELECTRODE PROCESS 
CONSUMER PROBLEMS 
CONSUMERS 

CONSUMPTION 

CONTACT MINES 

CONTACT PRINTERS 
CONTAINERIZED SHIPPING 
CONTAINERIZING 
CONTAINERS 
CONTAINERSHIPS 
CONTAINMENT ( GENERAL ) 
CONTAINMENT (NUCLEAR REACTORS ) 
CONTAMINANTS 
CONTAMINATION 

CONTEXT FREE GRAMMARS 
CONTEXT SENSITIVE GRAMMARS 
CONTINENTAL DRIFT 
CONTINENTAL SHELVES 
CONTINENTAL SLOPES 
CONTINUITY 

CONTINUOUS PROCESSING 
CONTINUOUS ROD WARHEADS 
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CUNTINUOUS SPECTRA 
CONTINUOUS STRIP CAMERAS 
CONTINUOUS WAVE LASERS 
CONTINUOUS WAVE RADAR 
CONTINUOUS WAVES 
CONTINUUM MECHANICS 
CONTOURS 

CONTRACT ADMINISTRATION 
CONTRACT PROPOSALS 
CONTRACTION 

CONTRACTS 

CONTRAST 

CONTRAST MEOIA(MEOICINE) 
CONTROL 

CONTROL CENTERS 

CONTROL JETS 

CONTROL KNOBS 

CONTROL PANELS 

CONTROL REVERSAL 

CONTROL RODS 

CONTPOL SEQUENCES 

CONTROL SIMULATORS 
CONTROL STICKS 

CONTROL SURFACES 

CONTROL SYSTEMS 

CONTROL TEST VEHICLES 
CONTROL THEORY 
CONTROLLABI.E PITCH PROPELLERS 
CONTROLLABLE THRUST ROCKET ENGINES 
CONTROLLED ATMOSPHERES 
SONTROLLEO CONFIGURED VEHICLES 
CONTROLLED MINES 
CONTROLLED NUCLEAR FUSION 
CONVALESCENCE 

CONVECTION 

CONVECTION‘ ATMOSPHERIC) 
CONVECTION(HEAT TRANSFER) 
CONVENIENCE FOOCS 
CONVENTIONAL WARFARE 
CONVERGENCE 

CONVERGENCE ZONES 
CONVERGENT DIVERGENT NOZZLES 
CONVERSION 

CONVERSION RATIO 
CONVERTERS 

CONVERTIBLE PLANES 
CONVEX BODIES 

СОКУЕХ SETS 

CONVEYORS 

CONVOLUTION 

CONVOLUTION INTEGRALS 
CONVULSIVE DISORDERS 

COOK OFF 

COOKING DEVICES 

COOL FLAMES 

COOLANT PUMPS 

COOLANTS 

COOLING 

COOLING ANO VENTILATING EQUIPMENT 
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COOLING FANS 

COOLING TOWERS 

COOPERAT ION 

COOROINATES (8 
COPOLYMERIZATION 

COPOLYMERS 

COPPER 

COPPER ALLOYS 

COPPER COATINGS 

COPPER COMPOUNDS 

COPPER NICKEL ALLOYS 

COPPER RIVER 

COPPER SULFIDES 

COPYING CAMERAS 2 
СОРҮВТОНТ5 

CORAL 

CORAL REEFS 

CORDAGE 

CORE SAMPLING 

CORE STORAGE 

CORES 

CORIOLIS EFFECT 

CORK 

CORN 

CORNEA 

CORNER REFLECTORS 

CORONARY ARTERIES 14 
CORONARY DISEASE 

CORONAS i 
CORPORATIONS | 
CORPS LEVEL ORGANIZATIONS 1 
CORPUSCULAR RADIATION 

CORRECTIONS 

CORRELATION 

CORRELATION GUIDANCE 

CORRELATION TECHNIQUES 

CORRELATORS 

CORROSION 

CORROSION INHIBITION 

CORROSION RESISTANCE 

CORROSION RESISTANT ALLOYS 

CORROSIVE GASES 

CORROSIVE LIQUIDS 

CORRUGAT ING у 
CORTICOSTEROID AGENTS 

CORTISOL 

CORUNDUM 

CORYNEBACTERIACEAE 

CORYNEBACTERIUM 

CORYNEBACTERIUM DIPHTHERIAE 

COSMIC DUST 

COSMIC RAY TELESCOPES 

COSMIC RAYS -Q 
COSMOLOGY 

COST ANALYSIS pi^ 
COST EFFECTIVENESS 3 
COST ESTIMATES 

COST MOOELS 

COST OVERRUNS 
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COSTA RICA 

COSTS 

COTTON 

COTTON TEXTILES 
COUETTE FLOW 
COULDMETERS 
COUMARINS 
COUNSELING 

COUNT RATE METERS 
COUNTER COUNTERMEASURES 
COUNTERINSURGENCY 
COUNTERINTELLIGENCE 
COUNT ERMEASURES 
COUNTERMINING 
COUNTERRDTATING PROPELLERS 
COUNTERROTATION 
COUNTERS 

COUNTING METHODS 
COUPLEO ANTENNAS 
COUPLERS 

COUPLING CIRCUITS 
COUPLINGS 

COUPLING( INTERACTION) 
COURSE INDICATORS 
COURSES ( EDUCATION) 
COVALENT BONDS 
COVARIANCE 
COVERALLS 
COVERINGS 

COVERT DPERATIONS 
COXIELLA 

COXIELLA BURNETIT 
COXSACKIE VIRUS 
CRABS 

CRACK PROPAGATION 
CRACKING ( FRACTURING ) 
CRACKS 

CRANES 

CRANIAL NERVES 
CRANKCASES 

CRANKEO WINGS 
CRANKSHAFTS 

CRASH INJURIES 
CRASH LANDING 
CRASH RESCUE BOATS 
CRASH RESISTANCE 
CRASH VEHICLES 
CRASHES 
CRASHWORTHINESS 
CRATERING 

CRATERS 

CRAYON OETECTORS 
CRAZING 

CREATINE 

CREATINE PHOSPHOKINASE 
CREATININE 
CREATIVITY 

CREEP 

CREEP STRENGTH 


UNCLASSIFIEO 


DTIC PDSTING TERMS 


24 
UNCLASSIFIED 


CREEP TESTS 

CREOSOTE 

CREWS 

CRIMES 

CRIMINAL INVESTIGATIONS 
CRIMINAL JUSTICE SYSTEM 
CRIMINOLOGY 

CRIMPING TOOLS 

CRISIS MANAGEMENT 
CRITICAL ASSEMBLIES 
CRITICAL PATH METHODS 
CRITICAL TEMPERATURE 
CRITICALITY (GENERAL ) 
CROSS BEAM DEVICES 
CROSS CORRELATION 
CROSS CULTURE (SOCIOLOGY) 
CROSS FLOW 

CROSS MODULATION 

CROSS POLARIZATION 
CROSS SECTIONS 
CROSSBAR SWITCHES 
CROSSED FIELO OEVICES 
CROSS INGS 
CRDSSLINKING(CHEMISTRY ) 
CROSSTALK 

CROSSWINDS 

CRUCIBLES 

CRUCIFORM CONFIGURATIONS 
CRUCIFORM WINGS 

CRUDE OIL 

CRUISZ MISSILES 
CRUISERS 

CRUSHER GAGES 

CRUSHING 

CRUSTACEA 

CRYOBIOLOGY 

CRYDGENIC ENGINES 
CRYOGENIC PROPELLANTS 
CRYOGENIC STORAGE OEVICES 
CRYOGENICS 
CRYOPROTECTIVE AGENTS 
CRYQPUMP ING 

CRYOSTATS 

CRYPTOCOCCUS 
CRYPTOGRAPHY 

CRYSTAL CHEMISTRY 
CRYSTAL COUNTERS 
CRYSTAL DEFECTS 

CRYSTAL OETECTORS 
CRYSTAL FILTERS 
CRYSTAL GROWTH 

CRYSTAL HOLOERS 
CRYSTAL LATTICES 
CRYSTAL MIXERS 

CRYSTAL OSCILLATORS 
CRYSTAL OVENS 

CRYSTAL RECTIFIERS 
CRYSTAL STRUCTURE 
CRYSTAL SUBSTRUCTURE 
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CRYSTAL VIDEO RECEIVERS 
CRYSTALLIZATION 
CRYSTALLOGRAPHY 
CRYSTALS 

CS AGENTS 

CUBA 

CUBIC SPLINE TECHNIQUE 
CUEING 

CUES (STIMULI ) 
CULEX 

CULICIDAE 
CULICOIDES 
CULTURE 

CULTURE MEDIA 
CULTURES(BIDLDGY ) 
CUMENES 
CUMULDNIMBUS CLDUDS 
CUMULUS CLOUDS 
CUPOLAS 

CURARE ALKALDIDS 
CURIE TEMPERATURE 
CURING 

CURING AGENTS 
CURIUM 

CURTUM CDMPOUNDS 
CURRENT AMPLIFIERS 
CURRENT DENSITY 
CURRENT LIMITERS 
CURRENT REGULATORS 
CURRENTS 
CURVATURE 

CURVE FITTING 
CURVED PRDFILES 
CURVES ( GEDMETRY ) 
CUSHIDNING 

CUT DFF VALVES 
CUTTERS 

CUTTING 

CUTTING FLUIDS 
CUTTING TDOLS 
CYANAMIDES 
CYANATES 

CYANIDES 

CYANINE 

CYANINE DYES 
CYANOGEN 
CYANURIC ACID 
CYBERNETICS 
CYCLAZDCINE 
CYCLES 

CYCLIC COMPOUNDS 
CYCLIC RATE 
CYCLIC TESTS 
CYCLDALKANES 
CYCLOALKENES 
CYCLDBUTANES 
CYCLDBUTENES 
CYCLOHEPTATRIENES 


UNCLASSIFIED 
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CYCLOHEXADIENE DZ YLIDENE DIMALONONIT 
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CYCLO 
CYCLO! 
CYCLO! 
CYCLO 
CYCLO 


HEXANES 
HEXANOLS |, 
HEXANONE S 
HEXENES 

IDAL PROPELLERS 


CYCLONE SEPARATORS 


CYCLO 
CYCLD 
(өздері; 
CYCLO 
CYCLO 
CYCLD 


NES 

OCTANES 
OCTATETRAENE 
PENTANES 
PENTENES 
PHOSPHAMIDE 


CYCLDFROPANES 


CYCLD 
CYCLD 
CYCLO 


STOMATA 
TOL 
TRDN MAGNETS 


CYCLDTRON RESONANCE 


CYCLD 
CYCLD 


TRDN WAVES 
TRDNS 


CYLINDRICAL ANTENNAS 
CYLINDRICAL BODIES 


CYPRU 
CYSTE 
CYSTI 
CYSTD 
CYSTS 


S 

INE 

NE 
SCDPES 


CYTDCHEMISTRY 
CYTDCHROME DXIDASE 


CYTDL 


OGY 


CYTDMEGALOVIRUS 


СУТОР 
СУТОР 
СҮТО5 
CYTDT 


ATHOLOGY 
LASM 

INE 
DXIN 


CZECHDSLDVAKIA 


CZDCH 


RALSKi CRYSTALS 


D BAND 
D REGION 


DACRD 
DAILY 
DAIRY 
DAIRY 


N 
OCCURRENCE 
EQUIPMENT 
PRDDUCTS 


DAMAGE 
DAMAGE ASSESSMENT 


DAMAG 
DAMPI 
DAMS 


E CONTRDI. 
NG 


DAPHNIA 


DARK 
DARK 


ADAPTATION 
TRACE TUBES 


DARKNESS 


DASH 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 


OTS 
ACQUISITION 
BASES 
COMPRESSION 
DISPLAYS 
LINKS 
MANAGEMENT 
PROCESSING 


PTET 


DATA PROCESSING EQUIPMENT 
DATA PROCESSING SECURITY 
DATA PROCESSING TERMINALS 
DATA RATE 

DATA REDUCTION 

DATA STORAGE SYSTEMS 
DATA TRANSMISSION SYSTEMS 
DAWN CHORUS 

DAY 

DAYLIGHT 

DC TO DC CONVERTERS 

DOT 

DEACTIVATION 

DEAD RECKONING 

DEAD TIME 

DEAERATION 

DEAFNESS 

DEATH 

DEBRIEFING 

DEBRIS 

DEBUGGING( COMPUTERS ) 
DECABORANES 

DECAMETRIC RADIATION 
DECANES 

ОЕСАРООА 

ОЕСАУ 

DECAY SCHEMES 
DECELERATION 
DECENTRALIZATION 
DECEPTION 

DECISION MAKING 
DECISION THEORY 

CECK MARKERS 

DECK SAFETY EQUIPMENT 
DECODERS 

DECODING 

DECOMMUTATORS 
DECOMPOSITION 
DECOMPRESSION 
DECOKPRESSION CHAMBERS 
DECOMPRESSION SICKNESS 
DECONTAMINATION 
DECONTAMINATION EQUIPMENT 
DECONTAMINATION KITS 
DECONTAMINATION MATERIALS 
DECOUPLING 

DECOUPLING( INTERACTION) 
DECOYS 

DEEP DEPTH 

DTEP DIVING 

DEEP OCEANS 

DEEP SCATTERING LAYERS 
DEEP SPACE 

DEEP SUBMERGENCE 


UNCLASSIFIED 


DEEP SUBMERGENCE RESCUE VEHICLES 


DEEP SUBMERGENCE VEHICLES 
DEEP WATER 

DEER 

DEFECT ANALYSIS 
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UNCLASSIFIED 
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DEFECTS (MATERIALS) 


DEFENSE MECHANISMS (PSYCHOLOGY) 


DEFENSE PLANNING 
DEFENSE SYSTEMS 
DEFIBRILLATION 
DEFICIENCIES 
DEFLAGRATION 
DEFLECTION 
DEFLECTION COILS 
DEFLECTORS 
DEFOLIANTS 
DEFOLIATION 
DEFORMABLE PROJECTILES 
DEFORMAT ТЭМ 
DEGASIFICATION 
DEGAUSS I NG 
DEGRADAT ION 
DEGREES OF FREEDOM 
DEHUMIDIFIERS 
DEHYDRATED FDDDS 
DEHYDRATION 
DEHYDRDGENASES 
DEHY DROGENAT ION 
DEICING MATERIALS 
DEICING SYSTEMS 
DEIONIZATION 
DELAWARE 

DELAWARE BAY 
DELAWARE RIVER 
DELAY 

DELAY CIRCUITS 
СЕСАУ ELEMENTS (EXPLOSIVE ) 
DELAY LINES 
DELBRUCK SCATTERING 
DELINEATORS 
DELINQUENCY 
DELIVERY 

CELPHI TECHNIQUES 
DELRIN 

DELTA MODULATION 
DELTA WINGS 

DELTAS 

DEMAGNET IZATION 
DEMAND ( ECONOMICS ) 
DEMILITARIZATION 
DEMILITARIZED ZONES 
DEMINERALIZATION 
DEMINERALIZERS 
DEMOCRACY 
DEMODULAT ION 
DEMODULATORS 
DEMOGRAPHY 
DEMOLITION 
DEMOLITION CHARGES 
DEMONSTRATIONS 
DENDRITIC STRUCTURE 
DENGUE 

DENMARK 

DENSE GASES 


pm 


Pac 


asi ک دنوت راکد‎ E 


| 


DENSIMETERS 
DENSITOMETERS 

OENSITY 

DENTAL CARIES 

DENTAL ENAMEL 

DENTAL EQUIPMENT 
DENTAL IMPLANTOLOGY 
DENTAL PERSONNEL 
DENTAL PLAQUE 

DENTAL PROSTHESES 
DENTAL PULP 

DENTAL RIDGE 

DENTAL SURGERY 

DENTIN 

DENTISTRY 

DENTISTS 

DEOXIDATIDN( METALLURGY ) 
DEOXYGENAT ION 
DEDXYRIBONUCLEIC ACIDS 
DEPARTMENT DF DEFENSE 
DEPLETED URANIUM 
DEPLETION 

DEPLDYMENT 
DEPOLARIZATION 
DEPDLYMERIZATIDN 
DEPDSITIDN 

DEPDSITS 

DEPRESSIDN ANGLES 
DEPRIVATIDN 

DEPTH 

DEPTH AND RDLL RECORDERS 
DEPTH BDMBS 

DEPTH CHARGE COMPONENTS 
DEPTH CHARGES 

DEPTH CONTROL 

DEPTH FINDERS 

DEPTH FINDING 

DEPTH INDICATORS 
DEPTHKEEPING 
DERAILMENT 
DERIVATIVES( MATHEMATICS) 
DERMATITIS 
DERMATOLDGY 
DERMATOPHYTOSIS 
DESALINATIDN 

OESCENT 

DESCENT TRAJECTORIES 
DESENSITIZING 

DESERT TESTS 
DESERTION 

DESERTS 

DESICCANTS 

DESIGN 10 COST 
DESORPT ION 

OESSERTS 

DESTROYER ESCORTS 
DESTROYERS 
DESTRUCT ION 
DESTRUCTIVE TCSTS 


UNCLASSIFIED 
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DESTRUCTDRS 
DESULFURIZATION 
DETECTIDN 

DETECTORS 

DETENTE 

DETENTS 

DETERGENTS 
DETERIDRATION 
DETERMINANT S (MATHEMATICS ) 
DETERMINAT ION 
DETERRENCE 

DETDNATING CORD 
DETONATION WAVES 
DETONAT IONS 
DETDNATORS 
DETOXIFICATIDN 
DETUNING 

DEUTERIUM 

DEUTERIUM COMPOUNDS 
DEUTERIUM IDN CONCENTRATION 
DEUTEROMYCETES( IMPERFECT FUNGI ) 
DEUTERDN BEAMS 
DEUTERDN BOMBARDMENT 
DEUTERON CAPTURE 
DEUTERON CROSS SECTIDNS 
DEUTERON REACTIONS 
DEUTERONS 

DEVELDPZNG NATIONS 
DEW 

DEW PDINT 

DEWAR FLA .5 

DEXTRAN 
DEXTRANSUCRASE 
DEXTRINS 

DIABETES 

DIAGNOSIS (GENERAL) 
DIAGNOSIS(MEDICINE) 
DIAGNOSTIC AGENTS 
DIAGNOSTIC EQUIPMENT 
DIAGRAMS 

DIALECTS Кес 
DIALYSIS 

DIAMAGNETISM 
DIAMETERS 

DIAMINE DXIDASE 
DIAMOND WHEELS 
DIAMONDS 

DIAPAUSE 
DIAPHRAGMS ( ANATOMY ) 
DIAPHRAGMS ( MECHANICS ) 
DIARRHEA 

DIATHERMY 
DIATOMACEOUS EARTH 
DIATOMIC MOLECULES 
DIAZEPAM 

DIAZINON 

DIAZD COMPOUNDS 
DIBASIC DRGANIC ACIDS 
DIBORANES 


UNCLASSIFIED 
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DICHLORODI FLUGROME THANE 
DICHROISM 

DICTIONARIES 

DIE CASTING 

DIELDRIN 

DIELECTRIC AMPLIFIERS 
DIELECTRIC FILMS 
DIELECTRIC PROPERTIES 
OIELECTRIC RECORDING SYSTEMS 
DIELECTRIC STRENGTH 
DIELECTRIC WAVEGUIOES 
OIELECTRICS 

OIENE SYNTHESIS 

OIENES 

DIES 

OIESEL ENGINES 

OIESE. FUELS 

OIET 

DIETICIANS 

DIFFERSNCE EQUATIONS 
DIFFERENCE FREQUENCY 
DIFFERENTIAL ANALYZERS 
DIFFERENTIAL CROSS SECTIONS 
DIFFERENTIAL EQUATIONS 
DIFFERENTIAL GEOMETRY 


OIFFERENTIAL PULSE CODE MODULATION 


DIFFERENTIAL THERMAL ANALYSIS 
DIFFERENTIAL TOPOLOGY 
DIFFERENTIALS(MECHANICAL ) 
DIFFERENTIATING CIRCUITS 
DIFFRACTION 

DIFFRACTION ANALYSIS 
DIFFRACTOMETERS 

OIFFUSE REFLECTION 
OIFFUSERS 

OIFFUSION 

DIFFUSION BONDING 
OIFFUSION COATING 
DIFFUSION COATINGS 
DIFFUSION COEFFICIENT 
OIFFUSION PUMPS 

DIFFUSION THEORY 
OIFFUSIVITY 

OIGESTION( BIOLOGY) 
OIGESTIVE SYSTEM 

OIGITAL COMBINERS 

DIGITAL COMMUNICATIONS 
DIGITAL COMPUTERS 

DIGITAL DIFFERENTIAL ANALYZERS 
OIGITAL FILTERS 

DIGITAL MAPS 

DIGITAL RECORDING SYSTEMS 
OIGITAL SIMULATION 
OIGITAL SYSTEMS 

DIGITAL 70 ANALOG CONVERTERS 
OIGITALIS 

OIGITOXIN 

OIHEDRAL ANGLE 

OIKES 
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OILATOMETERS 

OILUENTS 

OILUTION 

DIMERS 
DIMETHYLCYCLOHEXENE 
DIMETHYLHYDRAZINES 
DINING 

DINING HALLS 
DINOFLAGELLATA 

DIODE TRANSISTOR LOGIC 
DIODES 

DIODES(ELECTRON TUBES) 
DIOXANES 

DIOXIDES 

DIOXINS 

DIP COATING 

DIPLEXERS 

DIPLOCOCCUS 
DIPLOCOCCUS PNEUMONIAE 
DIPLOID CELLS 
DIPLOMATS 

DIPOLE ANTENNAS 

DIPOLE MOMENTS 

DIPOLES 

DIPTERA 

DIRECT CURRENT 

DIRECT WAVES(RADIO WAVES) 
DIRECTION FINDING 
DIRECTION FINDING STATIONS 
DIRECTIONAL 
DIRECTIONAL ANTENNAS 
DIRECTORIES 

DIRICHLET INTEGRAL 
DiRT 

DISACCHARIDES 
DISARMAMENT 
DISASSEMBLY 

OISASTERS 

DISC BRAKES 

DISCHARGE LAMPS 
DISCHARGE TUBES 
DISCOLORATION 
DISCOMYCETES 

DISCONE ANTENNAS 
DISCONNECT FITTINGS 
DISCONTINUITIES 
DISCRETE ADDRESS BEACON SYSTEMS 
DISCRETE DISTRIBUTION 
DISCRETE FOURIER TRANSFORMS 
DISCRIMINATE ANALYSIS 
DISCRIMINATION 
DISCRIMINATORS 

DISEASE VECTORS 
DISEASFS 

OISHWASHINS COMPOUNDS 
DISINFECTION 
DISINTEGRATION 

OISK RECORDING SYSTEMS 
DISKS 
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OISLOCATIONS 
DISPENSARIES 
OISPENSERS 

DISPERSANTS 

OISPERSING 

DISPERSIDN HARDENING 
DISPERSIDN RELATIDNS 
DISPERSIDNS 
DISPLACEHENT 
DISPLACEMENT REACTIONS 
DISPLAY SYSTEMS 
DISPOSABLE EQUIPMENT 
DISFOSAL 
DISPRDPORTIONATION 
DISSECTIDN 

DISSIPATIDN 
DISSIPATION FACTDR 
DISSOCIATIDN 
DISSDLVING 

DISTANCE MEASURING EQUIPMENT 
DISTILLATES 
DISTILLATION 

DISTILLED WATER 
DISTILLING PLANTS 
DISTORTION 

DISTRESS SIGNALS 
DISTRIBUTED AMPLIFIERS 
DISTRIBUTED DATA PROCESSING 
DISTRIBUTIDN 
DISTRIBUTION CURVES 
DISTRIBUTIDN FUNCTIDNS 
DISTRIBUTIDN THEORY 
DiSTRIBUTIDN(ECDNOMICS) 
DISTRIBUTORS 

DISTRICT DF COLUMBIA 
DITCHES 

DITCHING 

DITHIINS 

DITHIZDNE 

DIURESIS 

DIURETICS 

DIURNAL VARIATIDNS 
DIVE BOMBING 

DIVER EQUIPMENT 

DIVERS 

DIVERSITY RADAR 
DIVERSITY RECEPTIDN 
DIVING 

DIVING SUITS 

DIVISION 

DIVISION LEVEL DRGANIZATIONS 
DNT 

DOCKING 

DOCKS 

DOCTRINE 

DOCUMENTS 

DODECANE 

DOGS 

DOLLIES 
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DOLOMITE 

DDLPHINS (MAMMALS ) 

DDMAIN WALLS 

DDMESTIC 

DDMESTIC ANIMALS 

DDMES (STRUCTURAL FORMS ) 
DOMINANCE MODELS 
DDMINICAN REPUBLIC 
DONDRS ( MEDICINE ) 

DOORS 

DDPAMINE 

DOPING 

DDPPLER EFFECT 

DOPPLER NAVIGATION 
DDPPLER RADAR 

DOPPLER SONAR 

DOPPLER SYSTEMS 

DORMANCY 

DDSAGE 

DDSE RATE 

DDSIMETERS 

DOSIMETRY 

DDUBLE BASE GUN PROPELLANTS 
DOUBLE BASE PRDPELLANTS 
DOUBLE BASE RDCKET PROPELLANTS 
DDUBLE EXPANSION NOZZLES 
DOUGH MACHINES(FOOD PROCESSING) 
DOWELS 

DOWN CONVERTERS 

DDWNED AIRCRAFT 
DDWNLINKS 

DOWNSTREAM FLOW 

DOWNTIME 

DOWNWASH 

DRAFT INDICATORS (NAUTICAL) 
DRAFTING 

DRAG 

DRAG REDUC? IDN 

DRAINAGE 
DRAWING ( FORMING) 

DREAMS 

DREDGED MATERIALS 
DREDGING 

DRESSINGS 

DRIFT 

DRIFT TUBE MASS SPECTROSCOPY 
DRIFTMETERS 

DRILL TAPES 

DRILLING 

DRILLING MACHINES 

DRILLS 

DRINKING WATER 

DRIVE SHAFTS 

DRIVE SPROCKETS 
DRIVERS ( PERSONNEL ) 
DRIVES 
DRIVES(ELECTRONICS ) 
DRDGUE PAPACHUTES 

DRDNE CONTROL AIRCRAFT 


т 


a AI л тесто 
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DRONES 

DROP CASTING 

DRDP FORGING 

ОВОР TESTS 

DROPS 

DRDPSONDES 
DROSOPHILA 
DRDSOPHILIDAE 
DROUGHT 

DROWNING 

DRUG ABUSE 

DRUG ADDICTION 
DRUG DVERDOSE 

DRUG TOLERANCE 
DRUG USERS 

DRUG WITHDRAWAL 
DRUGS 

DRf BATTERIES 

DRY CLEANING 

DRY DISK RECTIFIERS 
DRY LAKES 

DRY MATERIALS 

DRY PHOTOGRAPHIC PROCESSING 
DRYDOCK EQUIPMENT 
DRYDOCKS 

DRYING 

DRYING APPARATUS 
DUAL CHANNEL 

DUAL НАВОМЕ55 

DUAL MODE 

DUAL PURPDSE GUNS 
DUAL ROTATION PROPELLERS 
DUAL THRUST ROCKET ENGINES 
DUCKS 

DUCT PENDS 

DUCT INLETS 

DUCTED BODIES 
DUCTED FANS 

DUCTED ROCKETS 
DUCTILE BRITTLE TRANSITION 
DUCTILITY 

DUCTS 

DUMMY LOADS (ELECTRICITY) 
DUMP TRUCKS 

DUNES 

DUDDENITIS 
DUODENUM 

DUPLE XERS 

DURA MATER 

DUST 

DUST CLOUDS 

DUST CONTROL 

DUST EXPLOSIONS 
DUST SYDRMS 

DWARF STARS 

DWELL TIME 

DYE LASERS 

OYES 

DYNAMIC LOADS 
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30 
UNCLASSIFIED 


DYNAMIC PRESSURE 
DYNAMIC PROGRAMMING 
DYNAMIC RANGE 

DYNAMIC RESPONSE 
DYNAMIC TESTS 

DYNAMICS 

DYNAMITE 

DYNAMOMETERS 
DYNAMOTDRS 

DYNODES 

DYSENTERY 

DYSFUNCTION 

DYSPLASIA 

DYSPNEA 

DYSPROSIUM 

DYSPROSIUM COMPOUNDS 
DYSURIA 

E BAND 

E REGION 

EAR 

EAR PROTECTORS 

EARLY WARNING SYSTEMS 
EARPHONES 

EARTH ATMOSPHERE 

EARTH CORE 

EARTH CRUST 

EARTH DAMS 

EARTH FILLS 

EARTH HANDLING EQUIPMENT 
EARTH INTERIDR 

EARTH MANTLE 

EARTH MODELS 

EARTH MOVEMENT 

EARTH ORBITS 

EARTH PENETRATING DEVICES 
EARTH SCIENCES 
EARTHQUAKE ENGINEERING 
EARTHQUAKE RESISTANT STRUCTURES 
EARTHQUAKE WARNING SYSTEMS 
EARTHQUAKES 

EARTHSHINE 

EARTHWORK 
EARTH(PLANET ) 

EAST AFRICA 

EAST CHINA SEA 

EAST GERMANY 

EAST PACIFIC RISE 

EAST WEST RELATIONS 
EASTERN EQUINE ENCEPHALOMYELITIS VIRU 
EASTERN EURDPE 
EAST ( DIRECTION) 
EBONITES 

ECCENTRICITY 
ECHINODERMATA 

ECHO RANGING 

ECHO VIRUS 
ECHOCARDIOGRAPHY 
ECHOES 

ECLIPSES 


ECOLOGY 
ECONOMETRICS 
ECONOMIC ANALYSIS 
ECONOMIC GEOLOGY 
ECONOMIC IMPACT 
ECONOMIC ,00Е15 
ECONOMIC WARFARE 


EDDIES(FLUID MECHANICS) 
EDDY CURRENTS 


EINSTSINIUM COMPOUNDS 
ЕЧЕС\ А 


UNCLASSIFIEO 
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ELECTRIC CURRENT 
ELECTRIC DETONATORS 
ELECTRIC D*"SCHARGES 
ELECTRIC DDUBLE LAYER 
ELECTRIC ENGINES 
ELECTRIC FENCES 
ELECTRIC FIELDS 


ECONOMICS ELECTRIC FIL. Rs 
ECOSYSTEMS ELECTRIC FURNACES 
ECTOPARASITES ELECTRIC FUZES(ORDNANCE ) 
E ECUADOR ELECTRIC GENERATORS 
1 ЕС2ЕМА ELECTRIC GOVERNORS 


ELECTRIC GUNS 
ELECTRIC HEATERS 


| EDEMA ELECTRIC IGNITERS 

3 EDGES ELECTRIC IGNITION 
EOITING ELECTRIC MOMENTS 
EDUCATION ELECTRIC MOTOR NOISE 
EELS ELECTRIC MDTOR STATDRS 
EFFICIENCY ELECTRIC MOTDRS 
EFFLUENTS ELECTRIC POWER 
EFFLUVIA ELECTRIC PDWER DISTRIBUTION 
EFFUSION ELECTRIC PDWER PLANTS 
EGG ALBUMIN ELECTRIC POWER PRODUCTION 
EGGS ELECTRIC PCMER TRANSMISSION 
EGYPT ELECTRIC PRIMERS 

E EGYPTIANS ELECTRIC PROPULSION 

5 | ! Е1С05АМЕ ELECTRIC REACTORS 

ЧЕ EIGENVALUES ELECTRIC RELAYS 

4 EIGENVECTORS ELECTRIC SHUNTS 
EINSTEINIUM ELECTRIC SWITCHES 


ELECTRIC TERMINALS 
ELECTRIC TRIGGER CONTROLS 


EJECTION ELECTRIC WELDING 
EJECTION SEATS ELECTRIC WIRE 
T EJECTORS ELECTRICAL BRUSHES 
| EJECTORS (ORDNANCE ) ELECTRICAL CONDUCTIVITY 
EL SALVADOR ELECTRICAL CORONA 


ELASTIC PROPERTIES 
ELASTIC SCATTERING 
ELASTIC SHELLS 
ELASTIC WAVES 
ELASTIC WEBBING 


ELECTRICAL ENGINEERING 
ELECTRICAL EQUIPMENT 
ELECTRICAL GROUNDING 
ELECTRICAL IMPEDANCE 
ELECTRICAL INDUSTRY 


b ELASTOMERS ELECTRICAL INSULATION 
D ELBOWS(FITTINGS) ELECTRICAL LASERS 
р. ELECTIONS ELECTRICAL LOADS 

i ELECTRETS ELECTRICAL MEASUREMENT 


ELECTRIC ARCS 
ELECTRIC AUTOMOBILES 


ELECTRICAL NETWORKS 
ELECTRICAL PRDPERTIES 
ELECTRICAL RESISTANCE 


I 
р | 
| i ELECTRIC BATTERIES 
{ ELECTRIC BRAKES ELECTRICALLY SUSPENDED GYROS 
1 ELECTRICITY 
ELECTROACOUSTIC MATERIALS 


ELECTRDACOUSTIC TRANSDUCERS 


+ ELECTRIC BRIDGES 
К е ELECTRIC CABLES 
1 ELECTRIC CHARGE 
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| ELECTRIC COILS ELECTROACOUSTICS 

i ELECTRIC CONDUCTORS ELECTROANESTHESIA 

1 ELECTRIC CONDUITS ELECTROCARO] OGRAPHY 
ELECTRIC CONNECTORS ELECTROCATALYSTS 

| ELECTRIC CONTACTS ELECTROCHEMISTRY 


UNCLASSIFIED 
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ELECTROCOLORAT ION 
ELECTROCORTICOGRAPHY 
ELECTROOE HOLDERS 
ELECTRODEPOSITION 
ELECTRODES 
ELECTRODIALYSIS 
ELECTRODYNAMICS 
ELECTROENCEPHALOGRAPHY 
ELECTROEROSIVE MACHINING 
ELECTROFORMING 
ELECTROGASTROGRAMS 
ELECTROHYDRAULIC VALVES 
ELECTROHYDRODYNAMICS 
ELECTROJETS 
ELECTROKINETICS 
ELECTROKINETOGRAPHS 
ELECTROLESS PLATING 
ELECTROLUMINESCENCE 
ELECTROLYSIS 
ELECTROLYTES 
ELECTROLYTES ( PHYSIOLOGY ) 
ELECTROLYTIC CAPACITORS 
ELECTROLYTIC CELLS 
ELECTROLYTIC POLISHING 


ELECTRON EMISSION 

ELECTRON ENERGY 

ELECTRON FLUX 

ELECTRON GAS 

ELECTRON GUNS 

ELECTRON IMPACT SPECTRA 
ELECTRON IRRADIATION 

ELECTRON LENSES 

ELECTRON MICROSCOPES 

ELECTRON MICROSCOPY 

ELECTRON MOBILITY 

ELECTRON MULTIPLIERS 

ELECTRON NUCLEAR CROSS SECTIONS 
ELECTRON NUCLEAR DOUBLE RESONANCE 
ELECTRON OPTICS 

ELECTRON PARAMAGNETIC RESONANCE 
ELECTRON PROBES 

ELECTRON SCATTERING 

ELECTRON SPECTROSCOPY 

ELECTRON SPIN RESONANCE 
ELECTRON TRANSFER 

ELECTRON TRANSITIONS 

ELECTRON TRANSPORT 

ELECTRON TUBE HEATERS 


| ELECTROMAGNETIC COMPATIBILITY ELECTRON TUBE PARTS 
ELECTROMAGNETIC DRIVES ELECTRON TUBE SOCKETS 
; ELECTROMAGNETIC ENVIRONMENTS ELECTRON TUBE VARGETS 
1 ELECTROMAGNETIC FIELDS ELECTRON TUBES 
i | i ELECTROMAGNETIC FUZES ELECTRONIC ACCOUNTING MACHINES 
AN ELECTROMAGNETIC INDUCTION ELECTRONIC AIRCRAFT 
Е | | ELECTROMAGNETIC INTERFERENCE ELECTRONIC COMBINERS 
| ELECTROMAGNETIC PROPERTIES ELECTRONIC COMMUTATORS 
| ELECTROMAGNETIC PULSE SIMULATORS ELECTRONIC COUNTER COUNTERMEASURES 
178 ELECTROMAGNETIC PULSES ELECTRONIC COUNTERMEASURES 
ELECTROMAGNETIC PUMPS ELECTRONIC EQUIPMENT 
1 ELECTROMAGNETIC RADIATION ELECTRONIC INTELLIGENCE 
% ELECTROMAGNETIC SCATTERING ELECTRONIC MULTIPLIERS 
ELECTROMAGNETIC SHIELOING ELECTRONIC PHOTOFLASH EQUIPMENT 
ELECTROMAGNETIC SPECTRA ELECTRONIC RECONNAISSANCE 
ELECTROMAGNETIC SUSCEPTIBILITY ELECTRONIC RECORDING SYSTEMS 
ELECTROMAGNETIC WAVE FILTERS ELECTRONIC RELAYS 
| ELECTROMAGNETIC WAVE PROPAGATION ELECTRONIC SCANNERS 
| ELECTROMAGNETIC WAVE REFLECTIONS ELECTRONIC SECURITY 
ELECTROMAGNE T ISM ELECTRONIC STATES 
| ELECTROMAGNETS ELECTRONIC SUPPORT MEASURES 
ELECTROMECHANICAL CONVERTERS ELECTRONIC SWITCHES 
ELECTRONECHANICAL DEVICES ELECTRONIC SWITCHING 
| ELECTROMECHANICAL WAVES ELECTRONIC TECHNICIANS 
А ELECTRONETERS ELECTRONIC WARFARE 
D! ELECTROMYOGRAPHY ELECTRONICS 
i ELECTRON ACCELERATORS ELECTRONICS LABORATORIES 
1 ELECTRON ACCEPTORS ELECTRONS 
| ELECTRON BEAM MELTING ELECTROOCULOGRAMS 
j ELECTRON BEAM WELOING ELECTROOCULOGRAPHY 
ELECTRON BEAMS ELECTROOPTICAL PHOTOGRAPHY 
ELECTRON CAPTURE ELECTROOPTICS 
| | ELECTRON DENSITY ELECTROOSMOSIS 
' | ELECTRON OIFFRACTION ELECTROPHORESIS 
| ELECTRON DONORS ELECTROPHORETIC COATINGS 
{ 32 
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a 
1 UNCLASSIFIEO 
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3 ELECTROPHOTOGRAPHY EMPLACEMENT 
» ELECTROPHYSIOLOGY EMPLOYEE RELATIONS 
Е ELECTROPLATING EMPLOYMENT 
| ELECTROPLATING SOLUTIONS EMULSIONS 
Ч ELECTROPNEUMATIC VALVES ENAMELS 
P ELECTROREFINING ENCAPSULATION 
4 ELECTRORETINOGRAPHY ENCEPHALITIS 
4 ELECTROSCOPES ENCEPHALOGRAMS 
| ELECTROSLAG WELOING ENCEPHALOMYOCAROITIS INFECTIONS 
q ELECTROSTATIC ACCELERATORS ENCYCLOPEOIAS 
E ELECTROSTATIC ANALYZERS END ITEMS 
3 ELECTROSTATIC CHARGE END MILL 
1 ELECTROSTATIC FIELDS END MILLING 
% ELECTROSTATIC FUZES END ON ORIENTATION 
1 ELECTROSTATIC GENERATORS END ORGANS 
| ELECTROSTATIC PRECIPITATION END SEALS 
ELECTROSTATIC PROBES -ENOANGEREO SPECIES 
ELECTROSTATICS ENDOATMOSPHERE 
ELECTROSTRICTION ENDOCAROIUM 
3 ELECTROTHERAPY ENDOCRINE GLANDS 
š ELEMENTARY PARTICLES ENDOCRINOLOGY 
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EXPANSION 
EXPANSION JOINTS 
EXPENDABLE 
EXPERIMENTAL OATA 
EXPERIMENTAL OESIGN 
EXPLOOERS 
EXPLODING WIRES 
EXPLOSION BUBBLES 
EXPLOSION EFFECTS 
EXPLOSION GASES 
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EYE PIGMENTS 

EYEGLASSES 

F BAND 

F REGION 

FABRICATION 
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FAULT TREES 

FAULTS 

FAULTS(GEOLOGY ) 
FAYALITE 

FEAR 
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FEATHERS 

FECES 

FEDERAL BUDGETS 
FEOERAL LAW 

FEED PUMPS 
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FEEOBACK 
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FEEDING 

FEET 

FELOSPAR 
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FEMALES 

FEMORAL ARTERIES 
FENCES 
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FERROMAGNETISM 
FERROMANGANESE MINERALS 
FERRYING MISSIONS 
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FIBROBLASTS 

FIBROIN 

FIBROSIS 

FIELO ARMY 

FIELO CDNDITIONS 
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FIELD EQUIPMENT 

FIELD GRADE OFFICERS 
FIELD INTENSITY 
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FIGHTER AIRCRAFT 
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FIGURE OF MERIT 

FILAMENT TRANSFORMERS 
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FILARIAE 
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FILLERS 

FILLING 
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FIRE CONTROL SYSTEM COMPONENTS 
FIRE CONTROL SYSTEMS 
FIRE DETECTORS 

FIRE EXTINGUISHERS 

FIRE EXTINGUISHING AGENTS 
FIRE FIGHTING 

FIRE FIGHTING VEHICLES 
FIRE HAZAROS 

FIRE PREVENTION 

FIRE PROTECTION 

FIRE PROTECTIVE CLOTHING 
FIRE PUMPS 

FIRE RESISTANCE 
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FIRE SUPPRESSION 
FIREBOATS 
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FOOD SERVICE 

FOOD SERVICE PERSONNEL 
FOOT AND MOUTH DISEASE VIRUS 
FOOTWEAR 
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FRAGMENTATION 
FRAGMENTATION AMMUNITION 
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FRAGMENTS 
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FREQUENCY METERS 
FREQUENCY MODULATION 
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FREQUENCY STANDARDS 
FREQUENCY SYNTHESIZERS 
FRESH FOODS 

FRESH WATER 

FRESNEL INTEGRALS 
FRESNEL LENSES 

FRESNEL ZONES 
FRETTING 


40 
UNCLASS IF TEO 


FRICTION 

FRICTION WELDING 
FRIEDEL CRAFTS REACTIONS 
FRIGATES 

FRINGE BENEFITS 
FRIT 

FROGS 

FRONT END PROCESSORS 
FRONT ENOS ANO SURFACES 
FRONTS (METEOROLOGY ) 
FRONTS ( OCEANOGRAPHY ) 
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FROST HEAVE 
FROSTBITE 
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FRUSTRATION 
FRUSTUMS 
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FUEL CONSUMPTION 
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FUEL FILTERS 
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FUEL PUMPS 
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FUEL SPRAYS 

FUEL SYSTEMS 
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FULL WAVE RECTIFIERS 
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FULMINATES 
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FUNGUS PROOFING 

FUR 

FURALDEHYOES 

FURAN RESINS 

FURANS 

FURNACES 

FURNITURE 

FUROXANES 

FUSARIUM 

FUSE LIGHTERS 

FUSED SALTS 

FUSED SALTS COOLED REACTORS 
FUSEO SILICA 
FUSELAGES 

FUSES (ELECTRICAL ) 
FUSION WEAPONS 
FUSION WELOING 
FUSIDN( MELTING) 
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tUZE SETTERS 
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G AGENTS 

G BAND 

G SUITS 

GA AGENT 

GADOLINIUM 
GADOLINIUM ALLOYS 
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GAGES 
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GALACTIC COSMIC RAYS 
GALACTDSE 

GALAPAGOS ISLANDS 
GALAXIES 

GALLATES 

GALLBLADDER 

GALLIUM 

GALLIUM ALLOYS 
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GAMMA RAYS 

GAMMA SPECTROMETERS 
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GANTRIES 

GARBAGE 
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GAS TURBINE BLADES 

GAS TURBINE NOZZLES 

GAS TURBINE REGENERATORS 
GAS TURBINE ROTORS 

GAS TURBINES 

GASEOUS DIFFUSION SEPARATION 
GASEOUS ELECTRONICS 
GASEOUS ROCKET PROPELLANTS 
GASES 

GASKETS 

GASLESS 

GASOLINE 

GASPROOF CLOTHING 
GASTRIC JUICE 

GASTRIN 

GASTRITIS 

GASTROENTERITIS 
GASTROINTESTINAL OISEASES 
GASTROINTESTINAL SYSTEM 
GASTROPODA 

GASTROSCOPES 
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GATE VALVES 

GATES (CIRCUITS ) 
GATLING GUNS 

GAUSSIAN NOISE 
GAUSSIAN QUADRATURE 
GB AGENT 

GO AGENT 

GEAR NOISE 

GEAR TEETH 

GEARBOXES 

GEARS 

GEESE 

GEGENSCHEIN 

GEIGER COUNTERS 

GEK DATA 

GEL PERMEATION CHROMATOGRAPHY 
GELATINS 

GELATION 

GELS 

GEMS (MINERALS ) 
GENERAL OFFICERS 
GENERAL PURPOSE BOMBS 
GENERATORS 

GENES 

GENETICS 

GENITAL DISEASES 
GEOACOUSTICS 
GEOBOT АМ. CAL MAPPING 
GEOCHEMISTRY 
GEODESICS 

GEODESY 

GEODETIC SATELLITES 
GEODETIC SURVEYS 
GEOGRAPHIC AREAS 
GEOGRAPHICAL DISTRIBUTIOM 
GEOGRAPHY 

GEOIOS 

GEOLOGIC AGE DETERMINATION 
GEOLOGIC FORMATION 
GEOLOGIC MODELS 
GEOLOGICAL SURVEY 
GEOLOGY 

GEOMAGNET ISM 
GEOMETRIC FORMS 
GEOMETRY 
GEOMORFHOLOGY 
СЕОРНОМЕ$ 

GEOPHYSICAL PROSPECTING 
GEOPHYSICS 
GEOPOLITICS 
GEOPOTENT= AL 

GEORGIA 

GEOSTROPHIC CURRENTS 
GEOSTROPHIC WIND 
GEOTHERMY 

OERTATRICS 

GERM CELLS 

GERM FREE ANIMALS 
GERM FREE ATMOSPHERES 
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DTIC POSTING TERMS 


GERMAN LANGUAGE 
GERMANATES 
ОЕРМАМТОМ 
GERMANIUM ALLOYS 
GERMANIUM COMPOUNDS 
GERMANY (EAST AND WEST) 
GERMICIDES 
GERMINATION 
GERONTOLOGY 
GETTERING 

GETTERS 

GHANA 

GIBRALTAR 
GIBRALTAR STRAIT 
GIMBALS 

GINGIVAE 
GINGIVITIS 

GIRDER BRIDGES 
GIRDERS 

GLACIAL DEPOSITS 
GLACIAL GEOLOGY 
GLACIERS 
GLACIOLOGY 

GLANDS 

GLARE 

GLASS 

GLASS CAPACITORS 
GLASS FIBERS 
GLASS LASERS 
GLASS REINFDRCED PLASTICS 
GLASS RESISTORS 
GLASS SEALS 

GLASS TEXTILES 
GLASSY CARBON 
GLAUCOMA 

GLAZES 

GLIDE PATH SYSTEMS 
GLIDE SLOPE 
GLIDERS 

GLIDING 


GLOBAL COMMUNICATIONS 
GLOBAL POSITIONING SYSTEM 
GLOBE VALVES 

GLOBULINS 

GLOMERL'LI 

GLDVES 

GLOW DISCHARGES 


GLUTAMINE 
GLUTARIC ACID 
GLUTATHIONE 
GLUTEN 
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GLYCERIDES 
GLYCEROLIZATION 
GLYCEROLS 

^LYCIOYL ETHER 
GLYCIOYL NITRATE 
GLYCINE 

GLYCININ 

GLYCOGEN 

GLYCOLIC ACIO 
GLYCOLIPIDS 

GLYCOLS 

GLYCOLYSIS 
GLYCOPROTEINS 
GLYCOSiDASES 

GLYCOSIOE HYOROLASES 
GLYCOSIDES 

GLYOXYLIC ACID 
GNATHOSTOMIASIS 

GOAL PROGRAMMING 
GOATS 

GOGGLES 

GOLO 

GOLD ALLOYS 

GOLD COMPOUNDS 

GOLO INTERMETALLICS 
GONADOTROPINS 

GONDOLAS 

GONIOMETERS 

GONORRHEA 

GOVERNMENT EMPLOYEES 
GOVERNMENT PROCUREMENT 
GOVERNMENT ( FOREIGN) 
GRADE STRUCTURE (PERSONNEL MANAGEMENT ) 
GRADIENT: 

GRADIOMETERS 

GRADUATES 

GRAFT POLYMERIZATION 
GRAIN BOUNDARIES 
GRAIN GROWTH 

GRAIN SIZE 

GRAIN STRUCTURES (METALLURGY ) 
GRAM NEGATIVE BACTERIA 
GRAM POSITIVE BACTERIA 


GRAPHITE 
GRAPHITE MODERATED REACTORS 
GRAPHSTEO MATERIALS 


GRATINGS ( SPECTRA) 
GRAVEL 

GRAVIMETRIC ANALYSIS 
GRAVIMETRY 
GRAVITATIONAL FIELDS 
GRAVITY 

GRAVITY ANOMALIES 
GRAVITY WAVES 
GRAVITY (ARTIFICIAL) 
GRAY SCALE 
GRAY ( COLOR) 

GRAZING 

GREASE GUNS 

GREASES 

GREAT BRITAIN 

GREAT LAKES 


‘GREECE 


GREENHOUSE EFFECT 
GREENHOUSES 
GREENLAND 
GREENLAND SEA 
GREENS FUNCTIDN 
GREEN( COLOR) 
GRENADE FUZES 
GRENADE LAUNCHERS 
GRENADES 

GRIDS 

GRIOS (COORDINATES ) 
GRIGNARD REACTIONS 
GRIGNARO REAGENTS 
GRILLES 

GRINDERS | 
GRINDING 

GRINDING WHEELS 

GRISEOFULVIN 

GRIT 

GROMMETS 

GROOVING 

GROUND CLUTTER 

GROUND CONTROLLEO APPROACH RADAR 
GROUND CONTROLLEO INTERCEPTION 
GROUND CREWS 

GROUND EFFECT 

GROUND EFFECT MACHINES 

GROUND LEVEL 

GROUND MOTION 

GRDUND PHOTOGRAPHS 

GROUND POSITION INDICATORS 
GROUND ROLL (AERONAUTICS ) 

GROUND SHOCK 

GROUND SPFEO 

GROUND SPEED INDICATORS 

GROUND STATE 

GROUND STATIONS 

GROUND SUPPORT 


— 


| GRAPHS GROUND SUPPORT EQUIPMENT 
| GRAPNELS GROUND TRAFFIC 

i GRASSES GROUND VEHICLE ANTENNAS 
7 GRASSLANDS GROUND VEHICLES 
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GROUND WATER GUIDED MISSILE WARHEADS 
GROUND WAVES(ELECTROMAGNETIC) GUIDED MISSILE WINDOWS 
GROUP A ARBOVIRUSES GUIDED MISSILES 
GROUP В ARBOVIRUSES GUIDED PROJECTILES 
GROUP C ARBOVIRUSES 
GROUP OISPLAYS 
GROUP 
GROUP 
GROUP 
GROUP 
GROUP AIR DEFENSE SYSTEMS 
GROUP BARREL ATTACHMENTS 
GROUP BARRELS 
GROUP BOATS 
GROUP CHAMBERS 
GROUP CHARGERS 
GROUP COMPONENTS 
GROUP CREWS 
GROUP DIRECTORS 
GROUPS ( MATHEMATICS) 
GROUT 
GROWTH SUBSTANCES 
GROWTH(GENERAL ) 
GROWTH ( PHYSIOLOGY ) 
GRUNEISEN CONSTANT 
GUAJIRA PENINSULA 
GUAM 
GUANIDINE NITRATES 
GUANI DINES 
GUANINE 
GUANOS INE 
GUARANTEES 
GUARD RINGS 
GUATEMALA 
GUERRILLA WARFARE 
GUIDANCE 
GUIDANCE COMPUTERS 
GUIDE VANES 
GUIDED BOMBS 
GUIDED MISSILE ANTENNAS 
GUIDED MISSILE BATTERIES GYMNEMIC ACID 
GUIDED KISSILE GYNECOLOGY 
GUIDED MISSILE GYPSUM 
GUIDED MISSILE GYRATORS 
GUIDED MISSILE GYRO COMPASSES 
GUIDED MISSILE GYRO SEXTANTS 
GUIDED MISSILE GYRO STABILIZERS 
GUIDED MISSILE GYROSCOPES 
GUIDED MISSILE GYROSCOPIC SIGHTS 
GUIDED MISSILE GYROTHEODOLI TES 
GUIDED MISSILE GYROTRONS 
GUIDED MISSILE H BAND 
GUIDED MISSILE HABITABILITY 
GUIDEO MISSILE HABITS Г 
GUIDEO MISSILE HABITUATION LEARNING 
GUIOEO MISSILE 
GUIDED MISSILE 
GUIDED MISSILE TRACKING SYSTEMS 
GUIDED MISSILE TRAJECTORIES HAFNIUM TITANATE 
44 
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HAIL 

HAIR 

HAITI 

HALF LIFE 

HALF WAVE RECTIFIERS 
HALIDES 

HALL EFFECT 
HALLUCINOGENS 
HALOCARBON PLASTICS 
HALOGEN COMPOUNDS 
HALOGENATED HYDROCARBONS 
HALOGENAT ION 
HALOGENS 

HALOHYDRINS 

HAM 

HAMILTONIAN FUNCTIONS 
HAMMERS 

HAMSTERS 

HAND CRANKS 

HAND GENERATORS 
HAND HELO 

НАМОВООК5 
HANDICAPPED PERSONS 
HANOLING 

HANDS 

HANDWRITING 


HANGERS 
HAPTOGLOB INS 
HARBDR DEFENSE SYSTEMS 
HARBDR MODELS 
HARBDR RADAR 
HARBDRS 

HARD COPY 

HARO HATS 

HARD WATER 

HARD X RAYS 
HARDENED STRUCTURES 
HARDENING 

HARONESS 

HARDWOODS 

HARMONIC ANALYSIS 
HARMONIC ANALYZERS 
HARMONIC GENERATORS 
HARMONICS 

HARNESSES 

HARTREE FOCK APPROXIMATION 
HATCHES 

HAWAII 

HAZARDOUS MATERIALS 
HAZARDS 

HAZE 

HEAD ON ORIENTATION 
HEAD UP OISPLAYS 
HEADACHES 

HEADGEAR 

HEADLAMPS 
HEADRESTS 
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HEAD ( ANATOMY ) 

HEAD(FLUIO MECHANICS) 
HEALING 

HEALTH 

HEALTH CARE FACILITIES 
HEALTH PHYSICS 

HEALTH PHYSICS INSTRUMENTATION 
HEALTH SURVEYS 

HEARING 

HEART 

HEART FUNCTION TESTS 
HEART RATE 

HEAT 

HEAT BALANCE 

HEAT ENGINES 

HEAT EXCHANGERS 

HEAT FLUX 

HEAT LOSS 

HEAT OF ACTIVATION 

HEAT OF COMBUSTION 

HEAT OF FORMATION 

HEAT OF FUSION 

HEAT OF REACTION 

HEAT OF SOLUTION 

HEAT DF SUBLIMATION 
HEAT OF VAPORIZATION 
HEAT PIPES 

HEAT PRDDUCTION(BIDLOGY) 
HEAT PUMPS 

HEAT RECOVERY 

HEAT RESISTANT ALLOYS 
HEAT RESISTANT GLASS 
HEAT RESISTANT MATERIALS 
HEAT RESISTANT METALS 
HEAT RESISTANT PLASTICS 
HEAT SEALING 

HEAT SHIELDS 

HEAT SINKS 

HEAT STRESS(PHYSIOLOGY ) 
HEAT STROKE 

HEAT TOLERANCE 

HEAT TRANSFER 

HEAT TRANSFER COEFFICIENTS 
HEAT TRANSMISSION 

HEAT TREATMENT 

HEATERS 

HEATING 

HEATING ELEMENTS 4 
HEATING OILS f 
HEATING PLANTS 

HEAVING 

HEAVY BOSONS 

HEAVY DUTY 

HEAVY ELEMENT COMPOUNDS 
HEAVY FUELS 

HEAVY IONS 

HEAVY METALS 

HEAVY PARTICLE RADIATIONS 
HEAVY WATER 


HEAVY WATER REACTORS 
HEAVY WATER VAPOR 
HEIGHT 

HEIGHT FINDING 
HEIGHT OF BURST 
HELICAL ANTENNAS 
HELICAL SPRINGS 
HELICOPTER ENGINES 
HELICOPTER HOISTS 
HELICOPTER ROTORS 
HELICOPTERS 
HELIOSTATS 

HELIPADS 

HELIPORTS 

HELIUM 

HELIUM BOMBARDMENT 
HELIUM CADMIUM LASERS 
HELIUM NEON LASERS 
HELIXES 

HELMET MOUNTED DISPLAYS 
HELMETS 

HELMINTHIC OISEASES 
HELMINTHOSPORIUM 
HEMAGGLUTINATION TESTS 
HEMATITE 

HEMATOCRIT 
HEMATOLOGY 

HEMATOMAS 
НЕМАТОРО1Е515 
НЕМТРТЕКА 
HEMISPHERES 
HEMISPHERICAL SHELLS 
HEMOGLOBIN 
HEMOGRAMS 
HEMOLYSINS 

HEMOLYSIS 
HEMOPOIETIC CELLS 
HEMOPOIETIC SYSTEM 
HEMORRHAGE 
HEMORRHAGIC FEVERS 
HEMORRHAGIC SHOCK 
HEMOSPORIDIA 
HEPARIN 

HEPATITIS 

HEPATITIS VIRUSES 
HEPTANES 

HERBICIOES 

HERMETIC SEALS 
HEROIN 

HERPES SIMPLEX VIRUS 
HERPETIC VIRUSES 
HETEROCYCLIC COMPOUNDS 
HETEROOYNING 
HETEROGENEITY 
HETEROGENEOUS REACTORS 
HET EROUUNCT IONS 
HEURISTIC METHODS 
HE XADE CANE 

HE XAF LUOROBENZENE 
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HEXAMETHONIUM 
HEXAMINES 
HEXANES 
HEXENES 
HEXOKINASE 
HEXOSES 

HEXYL RADICALS 
HIBERNATION 
HIERARCHIES 


HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 


ACCELERATION 
ALTITUOE 

ALTITUOE BOMBING 
ANGLES 

BYPASS TURBOFANS 
CAPACITY PROJECTILES 
COSTS 

DENSITY 

DYNAMIC RANGE 
ENERGY 

ENERGY PROPELLANTS 
ENERGY RATE FORMING 
EXPLOSIVE AMMUNITION 
EXPLOSIVES 
FREQUENCY 

GAIN 

HUMIOITY 

LATITUDES 

LEVEL LANGUAGES 
LIFT 

ORBIT TRAJECTORIES 
PASS FILTERS 
POWER 

PRESSURE 

PRESSURE COMPRESSORS 
PRESSURE VALVES 
RATE 

RELIABILITY 
RESOLUTION 
SENSITIVITY 

SPEEO BOMBING 
5РЕЕО CAMERAS 
5РЕЕО PHOTOGRAPHY 
STRENGTH 

STRENGTH ALLOYS 
TEMPERATURE 
VACUUM 

VACUUM VALVES 
VELOCITY 
VISCOSITY 

VOLTAGE 


HIGHWAYS 
HILBERT SPACE 
HILSCH TUBES 
HINGELESS 
HINGES 


HIP 


HIPPOCAMPUS 
HIPPURIC ACID 
HISPANICS 
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HISTAMINE 

HISTIOINE 
HISTOCHEMISTRY 
HISTOGRAMS 
HISTOLOGICAL TECHNIQUES 
HISTOLOGY 

HISTONES 
HISTOPATHOLOGY 
HISTOPLASMA 

HISTORIANS 

HISTORY 

HIT PROBABILITIES 

ных 

HODOGRAPHS 

HOG CHOLERA VIRUS 
HOISTS 

HOLDERS 

HOLES(ELECTRON DEFICIENCIES) 
HOLES (DPENINGS ) 

HOLMIUM 

HOLMIUM COMPOUNDS 
HOLOGRAMS 

HOLOGRAPHY 

HOM ON JAM 

HOMEOSTASIS 

HOMICIDE 

HOMING 

HOMING DEVICES 

HOMING INTERCEPTOR TERMINAL 
HOMING TORPEDOES 
HOMODYNE RADIO RECEIVERS 
HOMOGENEITY 
HOMOGENEOUS REACTORS 
HONDURAS 

HONEYCOMB CORES 
HONEYCOMB STRUCTURES 


HOOKWORM DZSEASE 
HORIZON 

HORIZON SCANMERS 
HORIZONTAL INDICATORS 
HORIZONTAL ORIENTATION 
HORIZONTAL STABILIZERS 


HORSES 
HORTICULTURE 
HOSE COUPLINGS 
HOSE FITTINGS 
HOSES 
HOSPITALIZATIONS 
HOSPITALS 
HOSTAGES 

HOSTS (BIOLOGY) 
HOT GASES 

HOT PRESSING 
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HOT REGIONS 

HOT SPOTS 

HOT WATER 

HOT WEATHER 

HOT WIRE 

HOT WIRE ANEMOMETERS 
HOT WORKING 

HOUSE OF REPRESENTATIVES 
HOUSEHOLD 6000$ 
HOUSING PROJECTS 
HOUSINGS 

HOUSING( DWELLINGS ) 
HOVERING 

HOWI TZERS 

HUBS 

HUDSON BAY 

HUGONIDT EQUATIONS 
HULLS (MARINE ) 

HULLS (STRUCTURES) 
HUMAN BDDY 

HUMAN EFFLUVIA 

HUMAN FACTORS ENGINEERING 
HUMAN FACTORS ENGINEERS 
HUMAN RELATIONS 

HUMAN RESDURCES 
HUMANITIES 

HUMANS 

HUMERUS 

HUMIDIFIERS 

HUMIDITY 

HUMIDITY CABINETS 
HUMORAL IMMUNITY 
HUNGARY 

HUNTER KILLER GROUPS 
HURRICANE TRACKING 
HURRICANES 
HYALURONATE LYASE 
HYBRID CIRCUITS 
HYBRID COMPUTERS 
HYBRID MARINE VEHICLES 
HYBRIO PROPELLANTS 
HYBRID PROPULSION 
HYBRID ROCKET ENGINES 
HYBRID ROCKET PROPELLANTS 
HYBRID SIMULATION 
HYBRID SYSTEMS 
HYBRIDIZATION 
HYDANTOINS 

HYDRATES 

HYDRATION 

HYDRAULIC ACCUMULATORS 
HYDRAULIC ACTUATORS 
HYDRAULIC BRAKES 
HYDRAULIC COUPLINGS 
HYDRAULIC CYLINDERS 
HYDRAULIC EQUIPMENT 
HYDRAULIC FLUID FILTERS 
HYDRAULIC FLUIDS 
HYDRAULIC JACKS 


HYDRAULIC 
HYDRAULIC 
HYDRAULIC 
HYDRAULIC 
HYDRAULIC 
HYDRAULIC 
HYDRAULIC 
HYDRAULIC 
HYDRAULIC 
HYDRAULIC 
HYDRAZIDES 
HYDRAZINE DERIVATIVES 
HYDRAZINES 

HYDRAZOIC ACID 

HYDRAZONES 

HYDRIDES 

HYDRO LYASES 

HYDROBALLISTICS 

HYDROCARBONS 

HYDROCHLORIC ACID 

HY DROCY CLONES 

HYDRODUCT ENGINES 
HYDROOYNAMIC CHARACTERISTICS 
HYDRODYNAMIC CODES 
HYDRODYNAMIC CONFIGURATIONS 
HYDRODYNAMIC CONTROL SURFACES 
HYDRODYNAMICS 

HYDROELASTICITY 
HYDRCELECTRICITY 
HYDROFLUIDICS 

HYDROFLUDRIC ACIO 

HYDROFOIL CRAFT 

HYDROFOILS 

HYDROFORMING( CHEMICAL ) 

HY DROFORMING (MECHANICAL ) 
HYDROGEN 
HYDROGEN 
HYDROGEN 
HYDROGEN 
HY DROGEN 
HYDROGEN 
HYDROGEN 
HYDROGEN 
HYDROGEN 
HYDROGEN 
HYDROGEN 
HYDRDGEN 
HYDROGEN 
HYDROGEN PEROXIDE PUMPS 
HYDROGEN SULFIDE 
HYDROGENATION 
HYDROGRAPHIC SONAR 
HYDROGRAPHIC SURVEYING 
HYDROGRAPHY 

HYOROJET ENGINES 
HYDROLASES 

HYDROLOGY 

HYDROLYSIS 

HY DROME CHANICS 


JETS 

MODELS 

POWER 

PRESSES 
PRESSURE PUMPS 
RAM EFFECT 
SEALS 
SERVOMECHANI SMS 
TEST UNITS 
VALVES 


BONOS 

CHLORIDE 
CHLORIDE LASERS 
COMPOUNOS 


CYANIDE 
ELECTRODES 
EMBRITTLEMENT 
FLUORIDE 

FLUORIDE LASERS 
TOOIDE 

OXYGEN FUEL CELLS 
PEROXIDE 
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HYDROME TALLURGY 
HYDROMETEORS 
HYDROPEROXIDES 
HYDROPHILIA 
HYDROPHOBIC PROPERTIES 
HYDROPHONES 
HYDROPHOTOMETERS 
HYDROPLANING 
HYDROPONICS 
HYDROPULSE ENGINES 
HYDROSKIS 

HYDROSTATIC FUZES 
HYDROSTATIC PRESSURE 
HYDROSTATICS 
HYDROSTATS 
HYDROTURBOJET ENGINES 
HYDROXAMIC ACIDS 
HYDROXIDES 

HYDROXYL RADICALS 
HYGIENE 

HYGRIC ACID 
HYGRISTORS 
HYGROMETERS 
HYGROSCOPICITY 
HYMENOPTERA 
HYPERBARIC CHAMBERS 
HYPERBARIC CONDITIONS 
HYPERBARIC MEDICINE 
HYPERBOLAS 

HYPERBOLIC NAVIGATION 
HYPERCAPNIA 
HYPERCHOLESTEROLEMIA 
HYPERFINE STRUCTURE 
HYPERGEOMETRIC FUNCTIONS 
HYPERGLYCEMIA 
HYPERGOLIC FUELS 
HYPERGOLIC IGNITION 
HYPERGOLIC ROCKET PRGPELLANTS 
HYPERKALEMIA 
HYPERMETABOLISM 
HYPERONS 

HYPEROXIA 
HYPERSENSITIVITY 
HYPERSONIC AIRCRAFT 
HYPERSONIC CHARACTERISTICS 
HYPERSONIC DIFFUSERS 
HYPERSONIC FLIGHT 
HYPERSONIC FLOW 
HYPERSONIC NOZZLES 
HYPERSONIC TEST VEHICLES 
HYPERSONIC VEHICLES 
HYPERSONIC VELOCITY 
HYPERSONIC WAVES 
HYPERSONIC WIND TUNNELS 
HYPERTENSION 
HYPERTHERMIA 
HYPERTONIC 
HYPERVELOCITY GUNS 
HYPERVELOCITY IMPACT 


HYPERVELOCITY PROJECTILES 
HYPERVELOCITY WEAPONS 
HYPERVENTILATION 
HYPNOSIS 

HYPNOTICS AND SEDATIVES 
HYPOBARIC CHAMBERS 
HYPDBARIC CONDITIONS 
HYPOCHLORITES 
HYPOCHLOROUS ACIO 
HYPODERMIC INJECTIONS 
HYPOGLYCEMZA 
HYPOTENSION 
HYPOTHALAMUS 
HYPOTHERMIA 

HYPOTHE SES 

HYPOXIA 

HYPSOGRAPHY 
HYPSOMETERS 
HYSTERESIS 

I BAND 

IBERIAN PENINSULA 

ICE 

ICE 

ICE 

ICE 

ICE FORMATION 

ICE FORMATION INDICATORS 
ICE ISLANDS 

ICE LENSES 

ICE OPENINGS 

ICE PENETRATION 

ICE PREVENTION 

ICE REPORTING 
ICEBERGS 

ICEBREAKERS 

ICELAND 

ICONOSCOPES 

IDAHO 

IDEAL GAS LAW 
IDENTIFICATION 
IDENTIPICATION LIGHTS 
IDENTIFICATION SYSTEMS 
IDENTITIES 

IDLER WHEELS 

IFF SYSTEMS 

IGNEOUS ROCK 

IGNITERS 

IGNITION 

IGNITION CIRCUITS 
IGNITION LAG 

IGNITION SYSTEMS 
IGNITRONS 

ILEUM 

ILLINOIS 

ILLNESS 

ILLUMINANTS 
ILLUMINATED SIGHTS 
ILLUMINATING GRENADES 
ILLUMINATING PROJECTILES 
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ILLUMINATION 
ILLUSIONS 

IMAGE CONVERTERS 
IMAGE DISSECTION 
IMAGE INTENSIFICATION 
IMAGE INTENSIFIERS(ELECTRONICS) 
IMAGE MOTION COMPENSATION 
IMAGE ORTHICONS 
IMAGE PROCESSING 
IMAGE PROJECTORS 
IMAGE REGISTRATION 
IMAGE RESTORATION 
IMAGE TUBES 

IMAGES 

IMIDES 

IMINES 

IMINO DIACETiC ACID 
IMMERSIDN 

IMMUNE SERUMS 
IMMUNITY 
IMMUNIZATION 
IMMUNOASSAY 
IMMUNOBLOCKING ANTIBODIES 
IMMUNOCHEMISTRY 
IMMUNOGENS 
IMMUNOGLOBUL INS 
IMMUNOLOGISTS 
IMMUNOLOGY 
IMMUNOSUPPRESS ION 
IMPACT 

IMPACT ACCELERATION 
IMPACT COMPUTERS 
IMPACT FLASH 
IMPACT FUZES 
IMPACT POINT 
IMPACT PREDICTION 
IMPACT 

IMPACT 

IMPACT 

IMPACT 

IMPATT 


IMPEDANCE BRIDGES 
IMPEDANCE MATCHING 
IMPELLERS 
IMPETIGO 

IMP INGEMENT 
IMPLANTAT ION 
IMPLOSIONS 

IMPORTS 
IMPREGNAT ION 
IMPULSE LOADING 
IMPULSE NOISE 
IMPURITIES 

IN VITRO ANALYSIS 
IN VIVO ANALYSIS 
INACTIVATION 
INCANDESCENCE 
INCANDESCENT LAMPS 
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INFRAREO OPTICAL MATERIALS 
INFRAREO OPTICAL SYSTEMS 
INFRAREO PHENOMENA 

INFRAREO PHOTOCONDUCTORS 
INFRAREO PHOTOELECTRIC CELLS 
INFRAREO PHOTOGRAPHY 
INFRAREO PULSES 


INF RAREO RADIATION 


INFRARED RE CE I VERS 
INF RAREO RECONNAISSANCE 
INF RARE O RESEARCH 
INFRAREO SCANNING 
INFRARED SIGNATURES 
INFRARED SPECTRA 
INFRAREO SPECTROMETERS 
INFRAREO SPECTROPHOTOMETERS 
INFRAREO SPECTROSCOPY 
INFRARED STARS 
INFRARED SUPPRESSORS 
INFRARED SURVEILLANCE 
INF; RED TELESCOPES 
INFRAREO TRACKING 
INFRARED TRANSMITTERS 
INFRAREO VIOICONS 
INFRAREO WINDOWS 
INFRASONIC RADIATION 
INFRASOUNO 
INFRINGEMENT 
INFUSIONS 

INGESTION( ENGINES ) 
INGESTION( PHYSIOLOGY ) 
INHABITANTS 
INHALATION 
INHIBITION 
INHIBITORS 

INJECTION 

INJECTION OIODES 
INJECTION GUIDANCE 
INJECTION LASERS 
INJECTION MOLOING 
INJECTIONS (MEOICINE ) 
INJECTORS 

INKS 

INLAND WATERWAYS 
INLET GUIOE VANES 
INLET SHROUOS 

INLETS 

INLETS (WATERWAYS ) 
INNER TUBES 
INOCULATION 

INORGANIC ACIDS 
INORGANIC CHEMISTRY 
INORGANIC COMPOUNDS 
INORGANIC MATERIALS 
INORGANIC POLYMERS 
INOSINE 

INPUT 

INPUT OUTPUT OEVICES 
INPUT OUTPUT MODELS 
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INPUT OUTPUT PROCESSING 
INSECT CONTROL 

INSECT REPELLENTS 
INSECTICIDES 
INSECTIVORA 

INSECTS 

INSERTION LOSS 

INSERTS 

INSHORE AREAS 

INSOMNIA 

INSPECTION 
INSTALLATION 
INSTRUCTION MANUALS 
INSTRUCTIONAL MATERIALS 
INSTRUCTIONS 
INSTRUCTORS 

INSTRUMENT DIALS 
INSTRUMENT FLIGHT 
INSTRUMENT GREASES 
INSTRUMENT LANDINGS 
INSTRUMENT PANELS 
INSTRUMENTATION 
INSULATION 

INSULIN 

INSURANCE 

INSURGENCY 

INTAKE VALVES 

INTEGER PROGRAMMING 
INTEGRAL EQUATIONS 
INTEGRAL ROCKET RAMJETS 
INTEGRAL TRANSFORMS 
INTEGRALS 

INTEGRATED CIRCUITS 
INTEGRATED SYSTEMS 
INTEGRATION 
INTEGRATORS 
INTEGRATORS (COMPUTERS ) 
INTEGUMENTARY OISEASES 
INTEGUMENTARY SYSTEM 
INTELLIGENCE 
INTELLIGENCE TESTS 
INTELLIGIBILITY 
INTELSAT 

INTENSITY 

INTERACTIONS 
INTERACTIVE GRAPHICS 
INTERCEPT TRAJECTORIES 
INTERCEPTION 
INTERCEPTION PROBABILITIES 
INTERCEPTOR SPACECRAFT 
INTERCEPTORS 
INTERCOMMUNICATION SYSTEMS 
INTERCOSTAL MUSCLES 
INTEROICTION 

INTERFACES 

INTERFACIAL TENSION 
INTERFERENCE 
INTERFERENCE ANALYZERS 
INTERFERENCE GUARD BAND 


INTERMEDIATE FREQUENCIES 


INTERMEDIATE FREQUENCY AMPLIFIERS 


INTERNAL REFLECTION 
INTERNAL WAVES 


3 INTERFEROGRANS INTUBATION 

У INTERF EROMETERS XNULIN 

A INTERFEROMETRY INVARIANCE 

r INTERFERON INVENTIONS 

4 INTERIOR BALLISTICS INVENTORY 
INTERLACING INVENTORY ANALYSIS 


INTERMEDIATE INFRAR=ID RADIATION INVERSION 
INTERMEDIATE RANGE(DISTANCE) INVERTEBRATES 
a INTERMETALLIC COMPOUNDS INVERTER CIRCUITS 
a INTERMOOULATION INVERTERS 
INTERNAL ТМУЕЗТМЕМТ CASTING 
M. INTERNAL COMBUSTION ENGINE NOISE INVESTMENTS 
| INTERNAL COMBUSTION ENGINES INVISCID FLOW 
INTERNAL CONVERSION ТООАМОЕВА 
INTERNAL ELECTROMAGNETIC PULSES IODATES 
INTERNAL FRICTION IODIDES 
INTERNAL MEDICINE IODINATION 
INTERNAL PRESSURE IODINE 


INTERNATIONAL ION BEAMS 
INTERNATIONAL AIRPORTS ION BONBARDMENT 
INTERMATIONAL LAW ION DENSITY 
INTERNATIONAL POLITICS ION ENGINES 
INTERNATIONAL RELATIONS ION EXCHANGE 


INTERNATIONAL TRADE 


INTERPLANETARY SPACE 
INTERPLANETARY TRAJECTORIES 


INTERSTELLAR MATTER 
INTERSTELLAR SPACE 


b | | INTERNS ION IMPLANTATION 
4 INTERPERSONAL RELATIONS ION ION INTERACTIONS 
3 ЇМТЕВРНОМЕ5 ION 


PUMPS 
ION SELECTIVE ELECTRODES 
ION SOURCES 


i INTERPOLATION IONIAN SEA 
; INTERPRETERS IONIC CRYSTALS 
| E d INTERROGAT ION IONIC CURRENT 
| INTERROGATOR TRANSMITTERS IONIZATION 
INTERROGATORS IONIZATION CHAMBERS 
INTERRUPTERS IONIZATION GAGES 
INTERRUPTION IONIZATION POTENTIALS 


IONIZATION TRAILS 
IONIZED GASES 


| INTERSTITIAL IONIZING RADIATION 

| INTERSYMBOL INTERFERENCE IONOGRAMS 

| INTERVALOMETERS IONDMERS 

| INTERVALS ТОМОЗОМОЕ $ 

| INTERVENTION IONOSPHERE 

E INTERVIEWING IONOSPHERIC CHEMISTRY 


INTESTINAL PARASITES 
INTESTINAL PARASITOSIS 


TONOSPHERIC MODELS 


INTESTINES IONOSPHERIC MODIFICATIOM 
INTOXICATION IONOSPMERIC PROPAGATION 


INTRACRANIAL NEOPLASMS 
INTRAMUSCULAR INJECTIONS 


IONOSPHERIC SCINTILLATIONS 
IONS 


INTRAVASCULAR CLOTS IOWA 
INTRAVENDUS BCTTLES IOWA RIVER 
INTRUSION IRAN 
INTRUSION DETECTION IRAQ 
INTRUSION DETECTORS IRELAND 
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UNCLASSIFIED 
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IRIDIUM JACKETS 
IRIDIUM ALLOYS JACKS (LIFTS) 
IRIDIUM COMPOUNDS JAMAICA 

IRIS JAMMING 

IRON JAPAN 

TRON ALLOYS JAPAN SEA 


TRON ALUMINIDE 
TRON COMPOUNDS 
TRON INDUSTRY 
IRON INTERMETALLICS 


JAPANESE B ENCEPHALITIS VIRUS 


JAPANESE ENCEPHALITIS 


JAPANESE ENCEPHALITIS VIRUSES 


JAPANESE LANGUAGE 


pa IRON ORGANIC COMPOUNDS JATOS 
IRON OXIDES JAVA 

1 IRRADIATED FOOD JAVA SEA 

^d IRRADIATION JEJUNUM 


IRRATIONAL NUMBERS 
IRREVERSIBLE PROCESSES 
IRRIGATION SYSTEMS 


JET AIRCRAFT 
JET AIRCRAFT NOISE 
JET BOMBERS 


ғ IRRIGATION( MEDICINE) JET ENGINE EXHAUST 
| IRRITATING AGENTS JET ENGINE FAIRINGS 
! IRRITATION JET ENGINE FUELS 
*SCHEMIA JET ENGINE INLETS 
| 15ЕМТВОРЕ JET ENGINE NACELLES 
ISLAM JET ENGINE NOISE 
| ISLANDS JET ENGINE VALVES 
i ISOBARS (PRESSURE ) JET ЕМС: NES 
| ISOCYANATES JET FIGHTERS 
ISOCYANIC ACID JET FLAMES 
j ISOLATION JET FLAPS 
||| ISOMERASES JET FLOW 
3 ISOMERIC TRANSITIONS JET FLYING BOATS 
E^ ISOMERIZATION JET HELICOPTER ROTORS 
у ISOMERS JET LAG 
ISONIAZID JET MIXING FLOW 
| ISOPODA УЕТ PROPULSION 
3 ISOPRENE JET PUMPS 
ISOPROTERENOL JET SEAPLANES 
ISOPTERA JET STREAMS 
ISOQUINOLINE ALKALOIDS JET TABS 


ISOSPIN 

ISOSTATIC CHANGE 
ISOSTATIC PRESSING 
ISOTHERMS 


JET TRAINING AIRCRAFT 
JET TRANSPORT AIRCRAFT 
JET VANES 
JETAVATORS 


ў ISOTOPE AVAILABILITY JETTISONABLE COCKPITS 
ISOTOPE EFFECT JETTISONABLE EQUIPMENT 
+ 150ТОРЕ ЕХСНАМОЕ JEWEL’ BEARINGS 
в. ISOTOPE IMPURITIES JEWS 
| ISOTOPE SEPARATION JIGS 
ISOTOPES JOB ANALYSIS 
{ ISOTROPISM JOB SATISFACTION 
i * ISOZYMES JOB SHOP SCHEDULING 
1 t ISRAEL JOB TRAINING 
| Í ISRAELI COMMANDOS JOBS 
Ч 1 ISRAELIS JOHNSTON ISLAND 
Я Ї ITALY JOINING 
ITERATIONS JOINT MILITARY ACTIVITIES 
| Ё IVORY COAST JOINT TEST AND EVALUATION 
` | IXODIDAE JOINTS 
f J BANO JOINTS ( ANATOMY ) 
i J INTEGRALS JORDAN 


a 


UNCLASSIFIED 
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JOSAMYCIN 

v "REPHSON JUNCTIONS 
JOULE THOMSON EFFECT 
JOURNAL BEARINGS 
JOURNEYMAN LEVEL 
JUAN DE FUCA STRAIT 
JUDGEMENT ( PS YCHOLOGY ) 
JUGULAR VEIN 
JUNCTION BOXES 
JUNCTION OIODES 
JUNCTION TRANSISTORS 
JUNCTIONS 

JUNGLES 

JUPITER( PLANET ) 

JUTE 

K BAND 

K MESONS 

KA BANO 

KALMAN FILTERING 
KALVAR FILM 
KAMCHATKA PENIS ''LA 
KANSAS 

KAOLINITE 

KARA SEA 

KELP 

KENTUCKY 

KENYA 
KERATINIZATION 
KERNEL FUNCTIONS 
KEROSENE 

KERR CELLS 

KERR MAGNETDOPTICAL EFFECT 
KETENES 

KETOACIO LYASES 
KETONES 

KEYBOARDS 
KIDNAPPINGS 

KIDNEY DISEASES 
KIDNEY FUNCTION TESTS 
КТОМЕУ$ 

KILL MECHANISMS 
KILL PROBABILITIES 
KIMEMATICS 
KINESCOPES 

KINETIC ENERGY 
KINETIC ENERGY PROJECTILES 
KINETIC THEDRY 
KINETICS 
KINETOPLAST 
KIRKENDALL EFFECT 


KITCHEN EQUIPMENT АМО SUPPLIES 


KITCHENS 

KITING 

KITS 

KLEBSIELLA 

KLEBSIELLA PNEUMONIAE 
KLEIN NISHINA FORMULA 
KLYSTRONS 
KNEE ( ANATOMY ) 
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KNITTEO FABRICS 
KNIVES 
KNOCKING 
KNUDSEN GAGES 
KNJOSEN NUMGER 
KOJIC ACIO 
KOREA 

KOREAN STRAIT 
KRYPTON 
KRYPTON LAMPS 
KRYPTONATES 

KU BAND 
KWAJALEIN ATOLL 


KYASANUR FOREST DISEASE VIRUS 


L BAND 

LABELED SUBSTANCES 
LABELS 

LABOR 

LABOR MARKETS 

LABOR UNIONS 
LABORATORIES 
LABORATORY ANIMALS 
LABORATORY EQUIPMENT 
LABORATORY FURNACES 
LABORATORY PROCEDURES 
LABORATORY TESTS 
LABRADOR CURRENT 
LABRADOR SEA 
LACQUERS 

LACRIMAL GLANDS 
LACTATES 

LACTIC ACID 

LACTIC DEHYDROGENASE 
LACTOBACILLACEAE 
LACTOBACILLUS 
LACTOBACILLUS ACIDOPHILUS 
LACTONES 

LACTOSE 
LAGOONS ( LANDFORMS ) 
LAGRANGIAN FUNCTIONS 
LAGUERRE FUNCTIONS 
LAKE ERIE 

LAKE SUPERIOR 

LAKE WAVES 

LAKES 

LAMB SHIFT 

LAMINAR BOUNDARY LAYER 
LAMINAR FLOW 
LAMINATED GLASS 
L/MINATED PLASTICS 
LAMINATES 
LAMINECTOMY 

LAMPS 

LANCHESTER EQUATIONS 
LAND AREAS 

LAND ICE 

LAND MINE WARFARE 
LAND MINES 

LANO TRANSPORTATION 


LAND USE 
LAND WARFARE 
LANDFORMS 
LANDING 
LANDING 
LANDING 
LANDING 
LANDING 
LANDING 
LANDING 
LANDING 
LANDING 
LANDING MATS 

LANDING PADS 

LANDSLIDES 

LANGMUIR PROBES 

LANGUAGE 

LANGUAGE TRANSLATION 
LANTHANUM 

LANTHANUM COMPDUNDS 
LANTHANUM INTERMETALLICS 
LAOS 

LAPLACE TRANSFORMATION 
LAPSE RATE 

LARVAE 
LARYNX 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 
LASER 


AIDS 

CRAFT 
FIELDS 
FDRCES 
GEAR 

GEAR DOORS 
IMPACT 
LIGHTS 


AMPLIFIERS 
ANEMOMETERS 
APPLICATIONS 
BEAMS 

CAVITIES 
COMMUNICATIONS 
COMPONENTS 
COUNTERMEASURES 
DAMAGE 

GASES 

GUIDANCE 
HAZARDS 

INDUCED FLUORESCENCE 
INOUCED FUSION 
MATERIALS 
MODULATORS 

PUMP ING 
RADIOBIOLOGY 
SAFETY 

SPOTS 

LASER TARGET DESIGNATORS 
LASER TARGET INTERACTIONS 
LASER TRACKING 

LASER VELOCIMETERS 
LASER WEAPONS 

LASER WELDING 

LASERS 

LATCHES 

LATENT HEAT 

LATERITES 

LATEX 

LATHE TOOLS 

LATHES 


UNCLASSIFIED 
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LATIN AMERICA 

LATITUDE 

LATTICE DYNAMICS 
LAUNCH TUBES 

LAUNCH VEHICLES 
LAUNCHERS 

LAUNCHING 

LAUNCHING SITES 
LAUNDRY OPERATIDNS 
LAURATES 

LAVAL NCZZLES 

LAW ENFDRCEMENT 

LAW ENFDRCEMENT OFFICERS 
LAWRENCIUM 

LAWRENCIUM COMPDUNDS 

. AYERS 

LEACHING 

LEAD ACID BATTERIES 
LEAD ALLOYS 

LEAD ANGLE 

LEAD AZIDES 

LEAD COMPDUNDS 

LEAD DIOXIDE 

LEAD DXIDES 

LEAD SULFIDES 

LEAD TIME 

LEAD TIN TELLURIDES 
LEAD TITANATES 

LEAC WIRES 

LEADERSHIP 

LEADERSHIP TRAINING 
LEADING EDGE FLAPS 
LEADING EDGES 
LEAD(METAL ) 

LEAFLET BOMBS 

LEAK DETECTDRS 
LEAKAGE ( ELECTRICAL ) 
LEAKAGE ( FLUID) 

LE ARNING 

LEARNING CURVES 
LEARNING MACHINES 
LEASING 

LEAST SQUARES METHOD 
LEATHER 

LEBANON 

LECITHIN 

LECTURES 

LEGAL DEFENSE 

LEGENDRE FUNCTIONS 
LEGIDNELLA PNEUMOPHILA 
LEGIONNAIRES DISEASE 
LEGISLATION 

LEGS 

LEISHMANIA 
LEISHMANIASIS 

LENGTH 
LENS . 
LENSES 
LENS(EYE 


STENNAS 
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LEPIDOPTERA 
LEPTONS 

LEPTOSPIRA 
LEPTOSPIRA ICTEROHAEMORRHAGIAE 
LEPTOSPIROSIS 
LESIONS 

LESSER ANTILLES 
LETHAL AGENTS 
LETHAL DOSAGE 
LETHALITY 

LETTUCE 

LEUCINE 

LEUKEMIA 
LEUKOCYTES 
LEUKOPENIA 
LEUROCRISTIN 
LEVARTERENOL 
LEVEES 

LEVEL FLIGHT 
LEVELING 

LEVELS (INSTRUMENTS ) 
LEVEL (QUANTITY) 
LEVODOPA 

LEVULINIC ACIDS 
LEWISITE 
LEXICOGRAPHY 
LIBERIA 

LIBRARIES 

LIBRARY SCIENCE 
LIBYA 

LICE 

LICHENS 

LIE DETECTORS 

LIE GROUPS 

LIFE CYCLE COSTS 
LIFE CYCLE TESTING 
LIFE CYCLES 

LIFE EXPECTANCY(SERVICE LIFE) 
LIFE JACKETS 

LIFE PRESERVERS 
LIFE RAFTS 

LIFE SAVING 

LIFE SCIENCES 

LIFE SPAN( BIOLOGY ) 
LIFE SUPPORT SYSTEMS 
LIFE TESTS 
LIFEBOATS 

LIFE (BIOLOGY ) 

LIFT 

LIFT FANS 

„ТЕТ ТО DRAG RATIO 
LIFTING BODIES 
LIFTING REENTFY VEHICLES 
LIFTING SURFACES 
LIGAMENTS 

LIGANOS 

LIGATURES 

LIGHT 

LIGHT EMITTING 0100Е5 


56 
UNCLASSIFIED 


LIGHT GAS GUNS 
LIGHT HOMING 

LIGHT MODULATORS 
LIGHT PENS 

LIGHT PULSES 

LIGHT SCATTERING 
LIGHT SOURCES 
LIGHT TRANSMISSION 
LIGHT WATER REACTORS 
LIGHTERS (BOATS) 
LIGHTHOUSES 
LIGHTING EQUIPMENT 
LIGHTNING 

LIGHTNING ARRESTERS 
LIGHTSHIPS 
LIGHTWEIGHT 

LIGNIN 

LIGURIAN SEA 
LIMESTONE 
LIMITATIONS 

LIMITED WARFARE 
LIMITER CIRCUITS 
LIMITERS 

LIMNOLOGY 

LIMPET WEAPONS 

LINE OF FIRE 

LINE OF SIGHT 

LINE SCANNING 

LINE SPECTRA 

LINE THROWING EQUIPMENT 
LINEAR ACCELERATORS 
LINEAR ALGEBRA 
LINEAR ALGEBRAIC EQUATIONS 
LINEAR ARRAYS 
LINEAR DIFFERENTIAL EQUATIONS 
LINEAR FILTERING 
LINEAR POLARIZATION 
LINEAR PROGRAMMING 
LINEAR REGRESSION ANALYSIS 
LINEAR SYSTEMS 
LINEARITY 

LINEN 
LINES(GEOMETRY ) 
LINGUISTICS 

LININGS 

LINK CHUTES 
LINKAGES 

LINKLESS AMMUNITION 
LINOLEIC ACID 
LINOLENIC ACID 
LINTERS 

LIOUVILLE EQUATION 
LIPID METABOLISM 
LIPIDS 

LIPOATROPHY 

LIPOIC ACID 
LIPOPHILIA 
LIPOPOL.YSACCHARIDES 
LIPOPROTEINS 


— 
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LIQUEFACTION 

LIQUEFIED GASES 

LIQUEFIED NATURAL GAS 
LIQUID AMMONIA 

LIQUID CHRDMATOGRAPHY 
LIQUID CODLING 

LIQUID CRYSTAL DISPLAY SYSTEMS 
LIQUID CRYSTALS 

LIQUID EXPLOSIVES 

LIQUID FILLED COAXIAL CABLES 
LIQUID FILLED PROJECTILES 
LIQUID FILTERS 

LIQUID GUN PROPELLANTS 
LIQUID HELIUM 

LIQUID HYDROGEN 

LIQUID IMMERSION TESTS 
LIQUID JETS 

LIQUID LASERS 

LIQUID LENSES 

LIQUID LEVEL CONTROL 
LIQUID LEVEL GAGES 
LIQUID METAL COOLANTS 
LIQUID METAL COOLED REACTORS 
LIQUID METAL PUMPS 
LIQUID METAL VALVES 
LIQUID METALS 

LIQUID NITROGEN 

LIQUID DXYGEN 

LIQUID PHASES 

LIQUID PROPANE 

LIQUID PROPELLANT ROCKET ENGINES 
LIQUID PROPELLANTS 
LIQUID РОСКЕТ FUELS 
LIQUID ROCKET DXIDIZERS 
LIQUID ROCKET PROPELLANTS 
LIQUID WASTES 

LIQUIDS 

LISTERIA 

LISTERIA MONOCYTOGENES 
LITERACY 

LITERATURE SURVEYS 
LITHIUM 

LITHIUM ALLDYS 

LITHIUM CHLORIDE 

LITHIUM CHLORINE CELLS 
LITHIUM СОМРООМС5 
LITHIUM FLUORIDES 
LITHIUM HYORIDE 

LITHIUM МІСВАТЕ5 

LITHIUM PERCHLDRATE 
LITHIUM TANTALATES 
LITHOGRAPHY 

LITHOLOGY 

LITHOSPHERE 

LITIGATION 

LITTORAL DRIFT 

LITTORAL ZONES 

LIVE VACCINES 

LIVER 
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LIVER DISEASES 
LIVER FUNCTION TESTS 
LIVESTOCK 

LIVING STANDARDS 

LOAD CELLS 

LOAD CONTROL 

LDAD DISTRIBUTION 
LOADERS 

LOADING( ELECTRONICS ) 
LOADING(HANDL ING) 
LOADING(ORDNANCE PRDJECTORS) 
LOADS ( FORCES) 

LDAMS 

LOBAR PNEUMONIA 
LOBSTER 

LDCAL ANESTHETICS 
LDCAL GOVERNMENT 

LDCAL DSCILLATDRS 
LDCATORS 

LDCKING FASTENER DEVICES 
LDCKING(ELECTRONICS ) 
LDCKING(MECHANICS ) 
LOCKS ( WATERWAYS ) 

v. OCOMOT ION 

LOCOMOTIVES 

LDCUS 

LDG PERIDDIC ANTENNAS 
LDG PERIDDIC STRUCTURE 
LDGARITiM FUNCTIONS 
LDGARITHMIC AMPLIFIERS 
LDGIC 

LDGIC CIRCUITS 

LOGIC DEVICES 

LDGIC ELEMENTS 
LDGISTICS 

LOGISTICS MANAGEMENT 
LDGISTICS PLANNING 
LDGISTICS SUPPORT 
LOGS(VELDCITY METERS) 
LONG ISL'ND SOUND 
LONG LIFE 

LONG PATH INFRARED EQUIPMENT 
LONG RANGE (DISTANCE) 
LONG RANGE (TIME) 

LONG WAVELENGTHS 
LONGITUDE 

LDOK THROUGH JAMMING 
LDDP ANTENNAS 

LOOPS 

LDRAN 

LORENTZ FORCE 

LOS ANGELES(CALIFORNIA) 
LOSSES 

LOUDNESS 

LOUDSPEAKERS 
LOUISIANA 

LOUPING ILL VIRUS 

LOW ALLOY STEELS 

LOW ALTITUDE 


al t am io 
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LOW ALTITUOE BOMBING 
LOW ANGLES 

LOW BYPASS TURBOF ANS 
LOW COSTS 

LOW OENSITY 

LOW ORAG 

LOW ORAG AIRFOILS 

LOW ELEVATION 

LOW ENERGY 

LOW FREQUENCIES 

LOW FREQUENCY 

LOW HUMIDITY 

L^W INTENSITY 

LOW LEAD FUELS 

LOW LEVEL 

LOW LIGHT LEVELS 

LOW LOSS 

LOW NOISE 

LOW NOISE AMPLIFIERS 
LOW ORBIT TRAJECTORIES 
LOW PASS FILTERS 

LOW POWER 

LOW PRESSURE 

LOW RATE 

LOW RESOLUTION 

LOW STRENGTH 

LOW TEMPERATURE 

LOW TEMPERATURE ALLOYS 
LOW TEMPERATURE BATTERIES 
LOW TEMPERATURE LUBRICANTS 
LOW VELOCITY 

LOW VIRULENCE 

LOW VOLTAGE 

LUBRICANT ADDITIVES 
LUBRICANT PUMPS 
LUBRICANTS 
LUBRICATING FILMS 
LUBRICATING OILS 
LUBRICATION 
LUCIFERASE 

LUGS 

LUMBER 

LUMINANCE 

LUMINESCENCE 
LUMINESCENT DOSIMETERS 
LUMINOSITY 

LUNAR BASES 

LUNAR CRAFT 

LUNAR CRUST 

LUNAR ECLIPSES 

LUNAR ENVIRONMENT 
LUNAR EXPLORATION 
LUNAR GEOLOGY 

LUNAR LANDING 

LUNAR PROBES 

LUNAR SATELLITES 
LUNAR SURFACE VEHICLES 
LUNAR TOPOGRAPHY 
LUNAR TRAJECTORIES 
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LUNEBERG LENS ANTENNAS 
LUNEBERG LENSES 
LUNG 

LUNG FUNCTION TESTS 
LUPUS ERYTHEMATOSUS 
LUTETIUM 

LUTETIUM COMPOUNDS 
LUXEMBURG EFFECT 
LYAPUNOV FUNCTIONS 
LYASES 

LYMPH 

LYMPH NODES 
LYMPHATIC SYSTEM 
LYMPHOCYTES 
LYMPHOCYTOSIS 
LYMPHOMAS 
LYMPHOTOXIN 
LYOPHILIZATION 
LYSERGIC ACIDS 
LYSIMETERS 

LYSIS 

M BAND 

MACACA FASCICULARIS 
MACAQUE MONKEYS 
MACERAT ING 

MACH NUMEER 
MACHINABILITY 
MACHINE AIDEO INDEXING 
MACHINE COOING 
MACHINE GUNS 
MACHINE SHOP PRACTICE 
MACHINE TOOL INDUSTRY 
MACHINE TOOLS 
MACHINE TRANSLATION 
MACHINERY NOISE 
MACH: ES 

MACHINING 
MACHMETERS 

MACHUPO VIRUS 
MACROECONOMICS 
MACROMODULES 
MACROMOLECULES 
MACROPROCESSORS 
MACROPROGRAMMING 


MADAGASCAR 
MAGAZINES ( ORDNANCE ) 
MAGMA 

MAGNES IUM 
MAGNESIUM ALLOYS 
MAGNESIUM BATTERIES 
MAGNESIUM COMPOUNDS 
MAGNESIUM OXIDES 
MAGNESIUM SULFATES 
MAGNET COILS 
MAGNETIC ALLOYS 
MAGNETIC AMPLIF.cRS 
MAGNETIC ANOMALIES 
MAGNETIC ANOMALY OETECTION 
MAGNETIC BRAKES 


4. 
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MAGNETIC CIRCUITS 
MAGNETIC CORES 
MAGNETIC OETECTION 
MAGNETIC OETECTORS 
MAGNETIC OEVICES 
MAGNETIC OIPOLES 
MAGNETIC OISKS 
MAGNETIC DISTURBANCES 
MAGNETIC DOMAINS 
MAGNETIC DRIVES 
MAGNETIC DRUMS 
MAGNETIC FIELOS 
MAGNETIC FILM MEMORIES 
MAGNETIC FORCES 
MAGNETIC FUZES 
MAGNETIC GUIOANCE 
MAGNETIC HEADS 
MAGNETIC INDUCTION 
MAGNETIC MATERIALS 
MAGNETIC MINES 
MAGNETIC MINESWEEPING 
MAGNETIC MIRRORS 
MAGNETIC MODULATORS 
MAGNETIC MOMENTS 
MAGNETIC NAVIGATION 
MAGNETIC PROPERTIES 
MAGNETIC RECORDING SYSTEMS 
MAGNETIC RESONANCE 
MAGNETIC SEPARATION 
MAGNETIC SIGNATURES 
MAGNETIC STORMS 
MAGNETIC TAPE 
MAGNETIC TAPE TRANSPORT 
MAGNETITE 
MAGNETIZATION 
MAGNETOACOUSTICS 
MAGNETOENCEPHALOGRAMS 
MAGNETOHYDROOYNAMIC GENERATORS 
MAGNETOHYORODYNAMIC WAVES 
MAGNETOHYDROOYNAMICS 
MAGNETOIMPEOANCE 
MAGNETOMETERS 
MAGNETOME TRY 
MAGNETDOPTICS 
MAGNETORESISTANCE 
MAGNETOS 
MAGNETOSPHERE 
MAGNETOSTATICS 
MAGNETOSTRICTION 
MAGNETOSTRICTIVE ELEMENTS 
MAGNETRONS 

МАСМЕТ5 

МАОМТРТСАТТОМ 


MAGNONS 

MAGNUS EFFECT 
MAINE 

MAINE GULF 
MAINTAINABILITY 
MAINTENANCE 
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MAINTENANCE EQUIPMENT 
MAINTENANCE MANAGEMENT 
MAINTENANCE PERSONN:L 
MAINTENANCE VEHICLES 
MAJORITIES 
MALABSORPTION SYNDROMES 
MALAISE 

MALARIA 

MALATHION 

MALAWI 

MALAYA 

MALAYSIA 

MALDIVE ISLANDS 
MALEIC ACID 

MALES 

MALFUNCTIONS 

MALIC ACIO 
MALNUTRITION 
MALODOROUS COMPOUNDS 
MALONATES 

MALONIC ACID 

MALTA 

MAMMALS 

MAMMARY GLANDS 

MAN COMPUTER INTERFACE 
MAN MACHINE SYSTEMS 
MANAGEMENT 

MANAGEMENT ENGINEERING 
MANAGEMENT INFORMATION SYSTEMS 
MANAGEMENT PLANNING AND CONTROL 
MANAGEMENT TRAINING 
MANCHURIA 

MANDIBLE 

MANDRELS 
MANEUVERABILITY 
MANEUVERABLE REENTRY VEHICLES 
MANEUVERING SATELLITES 
MANEUVERS 

MANGANATES 

MANGANESE 

MANGANESE ALLOYS 
MANGANESE COMPOUNDS 
MANGANESE OXIOES 
MANGANIN 

MANHOURS 
MANIFOLOS(ENGINES) 
MANIOC PLANTS 
MANIPULATORS 

MANITOBA 

MANMADE 

MANNEO 

МАММЕО SPACECRAFT 
MANNEQUINS 

MANNITOL 

MANNOSE 

MANOMETERS 

MANPORTABLE EQUIPMENT 
MANPOWER 

MANPOWER UTILIZATION 


MANUAL OPERATION 
MANUALS 

MANUF ACTURING 

MAP PROJECTION 

MAP READING 

MAPPING 

MAPPING (TRANSFORMATIONS ) 
MAPS 

MARAGING STEELS 
MARGARITE 

MARGIN OF SAFETY 

MARINE ARCHITECTS 
MARINE ATMOSPHERES 
MARINE BIDLOGICAL NOISE 
MARINE BIDLOGY 

MARINE ВОВЕР5 

MARINE CLIMATOLOGY 
MARINE CORPS 

MARINE CORPS AIRCRAFT 
MARINE CORPS АУТАТТОМ 
MARINE CORPS EQUIPMENT 
MARINE CORPS DPERATIONS 
MARINE CORPS PERSDNNEL 
MARINE CORPS PLANNING 
MARINE CORPS TRAINING 
MARINE ENGINEERING 
MARINE ENGINEERS 
MARINE ENGINES 

MARINE GEDLOGY 

MARINE GEOPHYSICS 
MARINE METEOROLOGY 
MARINE NUCLEAR PROPULSION 
MARINE PROPELLERS 
MARINE PROPULSION 
MARINE RUDDERS 

MARINE SAFETY EQUIPMENT 
MARINE SALVAGE 

MARINE SURFACE PROPULSION 
MARINE TERMINALS 
MARINE TRANSPORTATION 
MARITUBA VIRUS 

MARKER LIGHTS 

MARKERS 

MARKET RESEARCH 
MARKETING 

MARKDV PROCESSES 
MARRIAGE 

MARS PROBES 

MARSHALL ISLANDS 
MARSUPT ALS 
MARS ( PLANET ) 
MARTENSITE 


UNCLASSIFIED 
OTIC POSTING TERMS 


UNCLASSIFIED 


MASS DESTRUCTION WEAPONS 
MASS ENERGY RELATION 
MASS FLOW 

MASS MEDIA 

MASS NUMBER 

MASS SPECTRA 

MASS SPECTROMETERS 

MASS SPECTROMETRY 

MASS SPECTROSCOPY 

MASS STORAGE 

MASS TRANSFER 

MASS TRANSPORTATION 
MASSACHUSETTS 
MASSACHUSETTS BAY 

MAST CELLS 

MASTICATION 
MASTIGOPHORA 

MASTIGOTES 

MASTS 

MATCHED FILTERS 
MATCHING 

MATERIAL FORMING 
MATERIAL SEPARATION 
MATERIALS 

MATERIALS HANDLING 
MATERIALS HANDLING EQUIPMENT 
MATERIALS HANDLING VEHICLES 
MATERIALS LABORATORIES 
MATERIALS RECOVERY 
MATERIEL 

MATHEMATICAL ANALYSIS 
MATHEMATICAL FILTERS 
MATHEMATICAL LOGIC 
MATHEMATICAL MODELS 
MATHEMATICAL PREDICTION 
MATHEMATICAL PROGRAMMING 
MATHEMATICS 

MATHEMATICS LABDRATORIES 
MATRICES (CIRCUITS) 
MATRICES ( MATHEMATICS ) 
MATRIX DISPLAYS 

MATRIX GAMES 

MATRIX MATERIALS 

MATRIX THEORY 

MATS 

MATTRESSCS 

MATURATION 

MAURITANIA 

MAXILLA 

MAXIMUM LIKELIHOOD ESTIMATION 
MAXWELLS EQUATIONS 
MAYARD VIRUS 

MEALS 

МЕАК 

MEAN FREE PATH 

MEASLES VIRUSES 

MEASURE THEORY 
MEASUREMENT 

MEASURING INSTRUMENTS 


МЕАТ 

MEAT LOAF 

MECHANICAL 
MECHANICAL 
MECHANICAL 
MECHANICAL 
MECHANICAL 
MECHANICAL 
MECHANICAL 
MECHANICAL 
MECHANICAL 
MECHANICAL 
MECHANICAL 
MECHANICAL 
MECHANICAL 
MECHANICS 


CABLES 
COMPONENTS 
ORAWING 
ENERGY 
ENGINEERING 
FUZES 
GUIOES 
IMPEOANCE 
ORGANS 
PROPERTIES 
SCANNING 
WAVES 
WORKING 


MECHANIZATION 


MEDIA 


MEDICAL CAMERAS 


UNCLASSIFIEO 


OTIC POSTING TERMS 


MEDICAL COMPUTER APPLICATIONS 
MEDICAL ENGINEERING 
MEDICAL EQUIPMENT 
MEDICAL EVACUATION 
MEDICAL EXAMINATION 
MEOICAL LABORATORIES 
MEDICAL MALPRACTICE 
MEDICAL PERSONNEL 
MEDICAL RESEARCH 
MEDICAL SERVICES 
MEDICAL SUPPLIES 
MEDICAL TECHNICIANS 
MEDICINE 
MEDITERRANEAN 5ЕА 
MEDITERRANEAN SEA ISLANDS 
MEDIUM ALTITUDE 
MEDIUM DUTY 

MEDIUM FREQUENCY 
MEDIUM INTENSITY 
MEOIUM POWER 
MEGAPHONES 

MEIOSIS 

MEKONG OELTA 
MELAMINES 

MELANESIA 

MELANIN 

MELANISM 

MELIOIDOSIS 
MELOIDOGYNE 

MELTING 

MELTING POINT 

MELTS 

MEMBRANES 

MEMBRANES (BIOLOGY ) 
MEMORY OEVICES 
MEMORY (PSYCHOLOGY ) 
MENDELEVIUM 
MENOELEVIUM COMPOUNDS 
MENINGES 

MENINGITIS 
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UNCLASSIFIED 


MENSTRUATION 

MENTAL ABILITY 
MENTAL OISOROERS 
MENTAL HEALTH 

MENU 

MEPERIOINE 

MERCHANT VESSELS 
MERCURY 

MERCURY ALLOYS 
MERCURY BATTERIES 
MERCURY COMPOUNDS 
MERCURY LAMPS 
MERCURY ( PLANET ) 
MEROMORPHIC FUNCTIONS 
MEROZOITES 

MESA OIODES 

MESH 

MESOMORPHIC COMPOUNDS 
MESON BOMBARDMENT 
MESON CAPTURE 

MESON CROSS SECTIONS 
MESON REACTIONS 
MESON SCATTERING 
MESONS 

MESOPAUSE 

MESOSPHERE 

MESOZOIC ERA 
MESSAGE PROCESSING 
METABOLIC DISEASES 
METABOLISM 
METABOLITES 
METACENTRIC HEIGHT 
METAL AIR BATTERIES 
METAL CARBONYLS 
METAL COATINGS 
METAL COMPLEXES 
METAL COMPOUNDS 
METAL CONTACTS 

METAL CRYSTALS 

METAL DETECTORS 
METAL FIBERS 

METAL FILMS 

METAL FORMING BRAKES 
METAL FORMING PRESSES 
METAL JOINTS 

METAL METAL BONDS 
METAL NITRIDE OXIOE SEMICONDUCTORS 
METAL OXIOE SEMICONDUCTORS 
METAL PLATES 

METAL POISONING 
METAL SCRAPS 

METAL SEALS 

METAL SPINNING 

METAL VAPORS 
METALATION 

METALLIC TEXTILES 
METALLIZING 
METALLOGRAPHY 
METALLOID ALLOYS 


1 


METALLOIOS 

METALLURGICAL LABORATORIES 
METALLURGY 

METALS 

METALWORKING 
METAMATHEMATICS 
METAMORPHIC GEOLOGY 
METAMORPHIC ROCK 
METAMORPHOSIS 

METASTABLE ALLOYS 
METASTABLE STATE 
METASTASIS 

METEORITES 

METEOROIOS 
METEOROLOGICAL BALLOONS 
METEOROLOGICAL BATTERIES 
METEOROLOGICAL CHARTS 
METEOROLOGICAL OATA 
METEOROLOGICAL INSTRUMENTS 
METEOROLOGICAL PHENOMENA 
METEOROLOGICAL RADAR 
METEOROLOGICAL SATELLITES 
METEOROLOGISTS 
METEOROLOGY 

METEORS 

METHACRYLATES 

METHANE 

METHANES 

METHAQUALONE 
METHEMOGLOBIN 

METHIONINE 

METHOO GF CHARACTERISTICS 
METHOO OF MOMENTS 
METHODOLOGY 

METHOTREXATE 

METHYL CELLULOSE 

METHYL HYDRAZINES 

METHYL RADICALS 

METHYL SULFOXIDE 
METHYLAL 

METHY LAMINE 

METHYLATION 

METHYLENE BLUE 
METHYLENES 

METRIC SYSTEM 

METROLOGY 

MEXICO 

MEXICO GULF 

MICA 

MICA CAPACITORS 

MICE 

MICHELSIN INTERFEROMETERS 
MICHIGAN 

MICROANALYSIS 
MICROBALANCES 
MICROBAROMETRIC WAVES 
MICROBEAMS 
MICROBIOLOGICAL TESTS 
MICROBIOLOGY 


UNCLASSIFIED 
DTIC POSTING TERMS 
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UNCLASSIFIED 


MICROCALORIMETRY 
MICRUCHANNEL PLATES 
MICROCIRCUITS 
MICROCLIMATOLOGY 
MICROCOCCACEAE 
MICROCOCCUS 
MICROCOMPUTERS 
MICROCRACKING 
MICROCYSTIS 

MICRODOTS 
MICROELECTRONICS 
MICROFACSIMILE 
MICROFICHE 

MICROFILM 

MICROFORM 
MICROHARDNESS 
MICROMETEOROLOGY 
MICROMETERS 
MICROMINIATURIZATION 
MICRONESIA 
MICROOPTICAL CIRCUITS 
MICROORGANI SMS 
MICROPALEONTOLOGY 
MICROPHONES 
MICROPHOTOGRAPHY 
MICROPHOTOMETERS 
MICROPOWER CIRCUITS 
MICROPROBES 
MICROPROCESSORS 
MICROPROGRAMMING 
MICROPULSATIONS 
MICRORADIOGRAPHY 
MICROSCOPES 
MICROSCOPY 
MICROSECONO TIME 
MICROSEISMS 
MICROSOMES 
MICROSPHERES 
MICROSTRUCTURE 
MICROSURGERY 
MICROTOMES 

MICROWAVE AMPLIFIERS 
MICROWAVE ANTENNAS 
MICROWAVE BEAMS 
MICROWAVE BRIDGES 
MICROWAVE COMMUNICATIONS 
MICROWAVE EQUIPMENT 
MICROWAVE FILTERS 
MICROWAVE FREQUENCY 
MICROWAVE INTERFEROMETRY 
MICROWAVE LANDING SYSTEMS 
MICROWAVE NETWORKS 
MICROWAVE OPTICS 
MICROWAVE OSCILLATORS 
MICROWAVE OVENS 
MICROWAVE RECEIVERS 
MICROWAVE RELAY SYSTEMS 
MICROWAVE SPECTROSCOPY 
MICROWAVE TRANSMISSION 


UNCLASSIFIEO 
OTIC POSTING TERMS 


— 


MILITARY DOCTRINE MINEFIELOS 
| MILITARY DOGS MINELAYERS 
\ MILITARY ENGINEERING MINELAYING 


MICROWAVE TUBES 
MICROWAVES 

MIDCOURSE OEFENSE 
MIOCOURSE GUIOANCE 
MIOCOURSE TRAJECTORIES 
MIOOLE EAR 

MIOOLE EAST 

MIOWAY ISLANO 

MIE SCATTERING 
MIGRATION 

MILITARY ADVISORS 
MILITARY AIRCRAFT 
MILITARY 'PPLICATIONS 
MILITARY ASSISTANCE 
MILITARY BRIDGES 
MILITARY BUDGETS 
MILITARY COMMANOERS 
MILITARY OEPENOENTS 


MILITARY ENGINEERS 
MILITARY EQUIPMENT 
MILITARY EXERCISES 


MILITARY HYGIENE 
MILITARY INTELLIGENCE 
MILITARY LAW 

MILITARY MEOICINE 
MILITARY OCEANOGRAPHY 
MILITARY OPERATIONS 
MILITARY ORGANIZATIONS 
MILITARY PERSONNEL 
MILITARY PLANNING 


MILITARY RESEARCH 


MILLIMETER WAVES 
MILLING MACHINES 
MILLIPORE FILTERS 
MINOO MOLECULAR ORBITALS 
MINE BATTERIES 

MINE BOOSTERS 

MINE CASES 

MINE CLEARANCE 

MINE COMPONENTS 

MINE COUNTERMEASURES 
MINE OETECTION 

MINE OETECTORS 

MINE FUZES 

MINE HUNTING 

MINE NEUTRALIZATION 
MINE SHAFTS 

MINE STERILIZERS 
MINE WARFARE 


MINELAYING EQUIPMENT 
MINERAL OILS 
MINERAL WOOL 


š MILITARY FACILITIES MINERALIZATION 3 
MILITARY FORCE LEVELS MINERALOGY 1 

7 MILITARY FORCES( FOREIGN) MINERALS | 

4 MILITARY FORCES(UNITEO STATES) MINESWEEPERS : 

E MILITARY FORMATIONS MINESWEEPING 

|| MILITARY GEOGRAPHY MINES( EXCAVATIONS ) 

39 MILITARY GOVERNMENT MINES (ORDNANCE ) 


MINIATURE ELECTRICAL EQUIPMENT 
MINIATURE ELECTRON TUBES 
MINIATURE ELECTRONIC EQUIPMENT 
MINIATURE FUZES 
MINIATURIZATION 

MINICOMPUTERS 

MINIMAX TECHNIQUE 

MINING ENGINEERING 

MINKOWSKI SPACE 


MILITARY POLICE MINNESOTA 
| MILITARY PROCUREMENT MINNOWS 
|| | MILITARY PSYCHOLOGY MINORITIES 
| MILITARY PUBLICATIONS MIRRORS 
| ! MILITARY RATIONS MISALIGNMENT 
E MILITARY REQUIREMENTS MISCH METAL 
1 
| 


MILITARY RESERVES 
MILITARY SATELLITES 


MISS OISTANCE 
MISSILE SITE RAOAR 
MISSION PROFILES 


MILITARY SEPARATION MISSIONS 
i MILITARY STRATEGY MISSISSIPPI 
MILITARY SUPPLIES MISSISSIPPI RIVER 
{ MILITARY SURGEON MISSOURI 
{ MILITARY TACTICS MIST 
| MILITARY TRAINING MITES 
i MILITARY TRANSPORTATION MITOCHONDRIA 
| } MILITARY VEHICLES MITOSIS 
' MILK МТХЕО FLOW COMPRESSORS 
š MILK FAT МТХЕО LAYER(MARINE ) 
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UNCLASSIFIEO 


| 
| 


UNCLASSIFIEO 
DTIC POSTING TERMS 


MIXER TUBES 

MIXERS (ELECTRONICS ) 
MIXERS (MECHANICAL ) 
MIXING 

MIXTURES 

MI YAGAWANELLA 
MIYAGAWANELLA LOUISIANAE 


MIYAGAWANELL? LYMPHOGRANULOMATOSIS 


MIYAGAWANELLA ORNITHOSIS 
MIYAGAWANELLA PSITTACI 
MNEMONICS 

MOBILE 

MOBILITY 

MOBILIZATION 

MODE LOCKEO LASERS 
MODEL BASINS 

MODEL TESTS 

MODEL THEORY 

MODELS 

MODEMS 

MODIFICATION 
MODIFICATION KITS 
MODULAR CONSTRUCTION 
MODULAR SPACE CONSTRUCTION 
MODULATION 

MODULATORS 

MODULES (ELECTRONICS) 
MODULUS OF ELASTICITY 
MOHOROVICIC DISCONTINUITY 
MOIRE EFFECTS 

MOISTURE 

MOISTURE CONTENT 
MOISTUREPROOF ING 
MOLDING MATERIALS 
MOLOING TECHNIQUES 
MOLDINGS 

MOLDS ( FORMS ) 
MOLOS ( ORGANISMS ) 
MOLECULAR ASSOCIATION 
MOLECULAR BEAMS 
MOLECULAR BIOLOGY 
MOLECULAR COMPLEXES 
MOLECULAR ELECTRONICS 
MOLECULAR ENERGY LEVELS 
MOLECULAR IONS 
MOLECULAR ISOMCRISM 
MOLECULAR LASERS 
MOLECULAR ORBITALS 
MOLECULAR PROPERTIES 
MOLECULAR ROTATION 
MOLECULAR SIEVES 
MOLECULAR SPECTROSCOPY 
MOLECULAR STATES 
MOLECULAR STRUCTURE 
MOLECULAR VIBRATION 
MOLECULAR WEIGHT 
MOLECULE MOLECULE INTERACTIONS 
MOLECULES 

MOLLUSCA 
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MOLLUSCACIDES 
MOLYBDATES 
MOLYBOENUM 
MOLYBOENUM ALLOYS 
MOLYBOENUM COMPOUNDS 
MOLYBOIC ACIOS 
MOMENT OF INERTIA 
MOMENTS 

MOMENTUM 

MOMENTUM TRANSFER 
MONACO 

MONEY 

MONITORING 

MONITORS 

MONKEY B VIRUS 
MONKEYS 

MONOAMINE OXIOASE 
MONOCHROMATIC LIGHT 
MONOCHROMATORS 
MONOCOQUES 
MONOCYCLIC COMPOUNOS 
MONOCYTES 

MONOIDS 

MONOLITHIC STRUCTURES (ELECTRONICS ) 
MONOMERS 
MONOMOLECULAR FILMS 
MONOPOLE ANTENNAS 
MONOPROPELLANTS 
MONOPULSE RADAR 
MONORAIL RAILWAYS 
MONOSACCHARIDES 
MONOSTATIC RADAR 
MONOTONE FUNCTIONS 


MONTE CARLO METHOD 
MONTMORILLONITE 
MOON 

MOONLIGHT 

MOOREO MINES 
MOORING 

MOORING BUOYS 
MORALE 

MORBIOITY 

MOROCCO 

MORPHEMES 
MORPHINE 
MORPHOGENESIS 
MORPHOLINE 
MORPHOLOGY 
MORPHOLOGY ( BIOLOGY ) 
MORSE COOE 

MORSE POTENTIAL 
MORTALITY RATES 
MORTAR AMMUNITION 
MORTAR FUZES 
MORTAR LOCATOR RADAR 
MORTARS 


MORTARS (MATERIAL ) 
MOSAICS(OETECTORS) 
MOSAICS(LIGHT SENSITIVE) 
MOSFET SEMICONDUCTORS 
MOSQUITO BORNE DISEASES 
MOSSBAUER EFFECT 
MOTHPROOF ING 

MOTION 
MOTION 
MOTION 
MOTION 
MOTION 
MOTION 


PICTURE CAMERAS 
PICTURE FILM 
PICTURE PHOTOGRAPHY 
PICTURE PROJECTORS 
PICTURE SCREENS 
MOTION PICTURES 

MOTION SICKNESS 
MOTIVATION 

MOTOR DISORDERS 

MOTOR GENERATDRS 

MOTOR NEURONS 

MOTOR REACTIONS 

MOTOR STARTERS 

MOTOR TORPEDO BOATS 
MOTOR VEHICLE ACCIDENTS 
MOTORCYCLES 

MOTORS 

MOUNTAIN CLIMBING EQUIPMENT 
MOUNTAINS 

MOUNTING BRACKETS 

MOUNTS 

MOUTH 

MOVABLE NOZZLES 

MOVABLE ROCKET ENGINES 
MOVING TARGET INDICATORS 
MOVING TARGETS 
MOZAMBIQUE 

MUCIN 

MUCOLYTIC ENZYMES 
MUCOPOLYSACCHARIDES 
MUCOUS MEMBRANES 

MUCUS 

мир 

MUD GUARDS 

MUFFLERS 


UNCLASSIFIEO 
DTIC POSTING TERMS 


MULTIBAND SPECTRAL RECONNAISSANCE 


MULTIBASE PROPELLANTS 
MULTIBURSTS 
MULTICHANNEL 
MULTICHANNEL COMMUNICATIONS 
MULTICONDUCTOR CABLES 
MULTIFUEL ENGINES 

MULT ILAUNCHING 
MULTIMETERS 
MULTIMISSION 

MULTIMODE 

MULTIPATH RADAR 
MULTIPATH TRANSMISSION 
MULTIPHASE FLOW 
MULTIPLE ACCESS 
MULTIPLE BEAM ANTENNAS 
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UNCLASSIFIED 


MULTIPLE BEAMS(RADIATION) 


MULTIPLE OPERATION 
MULTIPLEXING 
MULTIPLICATION 
MULTIPLICATION FACTOR 
MULTIPOLARITY 
MULTIPROCESSORS 
MULTIPULSE MOTORS 
MULTIPURPOSE 
MULTIPURPOSE MISSILES 
MULTISENSORS 
MULTISPECTRAL 
MULTIVARIATE ANALYSIS 
MULTIVIBRATORS 

MUMPS VIRUS 
MUNICIPALITIES 
MUNITIONS INDUSTRY 
MUONS 

MURAMI DASE 


MURRAY VALLEY ENCEPHALITIS VIRUS 


MUSCA 

MUSCARINE 
MUSCIOAE 

MUSCLE FIBERS 
MUSCLE PROTEINS 
MUSCLE RELAXANTS 
MUSCLES 


MUSCULOSKELETAL DISEASES 


MUSCULOSKELETAL SYSTEM 
MUSEUMS 

MUSIC 

MUSKEG 

MUSSEL POISONS 
MUSSELS 

MUSTARD AGENTS 
MUTAGENS 

MUTATIONS 

MUZZLE BRAKES 
MUZZLE FLASH 

MUZZLE VELOCITY 
MYCOBACTERIACEAE 
MYCOBACTERIUM 
MYCOBACTERIUM LEPRAE 


MYCOBACTERIUM TUBERCULOSIS 


MYCOLOGY 

MYCOPLASMA 
MYCOPLASMATACEAE 
MYCOPLASMATALES 
MYDRIATICS 

MYELOMA 

MYOCARDIAL INFARCTION 
MYDCARDIUM 
MYOGLOBULIN 

MYOSIN 
MYXOBACTERTALES 
MYXOVIRUSES 

N BODY PROBLEM 

N TYPE SEMICONDUCTORS 
NACELLES 


UNCLASSIFIED 


DTIC POSTING TERMS 


NAILS (FASTENERS) 
NAILS(TISSUES) 

NAND GATES 

NAPALM BOMBS 
NAPHTHALENES 

NARCOSIS 

NARCOTICS 

NARRAGANSETT BAY 
NARROW BEAMS(RADIATIDN) 
NARROW GAP SEMICONDUCTORS 
NARROWB AND 

NATIONAL DEFENSE 
NATIONAL ENERGY CRISIS 
NATIONAL GUARD 
NATIONAL SECURITY 


NATIONAL TRANSPORTATION SYSTEM 


NATIONS 

NATO 

NATURAL GAS 

NATURAL HISTORY 
NATURAL LANGUAGE 
NATURAL RADIDACTIVITY 
NATURAL RESOURCES 
NATURAL RUBBER 

NAUSEA 

NAUTICAL 

NAVAL AIR STATIONS 
NAVAL AIRCRAFT 

NAVAL ARCHITECTURE 
NAVAL AVIATION 

NAVAL BUDGETS 

NAVAL EQUIPMENT 

NAVAL GUNNERY 

NAVAL GUNS 

NAVAL INTELLIGENCE 
NAVAL LOGISTICS 

NAVAL MINE WARFARE 
NAVAL MINES 

NAVAL OPERATIDNS 
NAVAL PERSONNEL 

NAVAL PLANNING 

NAVAL PROCUREMENT 
NAVAL RESEARCH 

NAVAL RESEARCH LABORATORTES 
NAVAL SHORE FACILITIES 
NAVAL TACTICAL DATA SYSTEM 
NAVAL TRAINING 

NAVAL VESSELS 

NAVIER STOKES EQUATIONS 
NAVIGATION 
NAVIGATION CHARTS 
NAVIGATIDN COMPUTERS 
NAVIGATIDN REFERENCE 
NAVIGATION SATELLITES 
NAVIGATIDNAL AIDS 
NAVIGATIONAL LIGHTS 
NAVIGATOR BOMBARDIERS 
NAVIGATORS 

NAVY 


вв 
UNCLASSIFIED 


NEAR FIELD 

NEAR INFRARED RADIATION 
NEAR ULTRAVIOLET RADIATION 
NEBRASKA 

NEBULAE 

NECK ( ANATOMY ) 

NECROSIS 

NEEDLE BEARINGS 

NEEDLES 

NEEL TEMPERATURE 
NEGATIVE RESISTANCE CIRCUITS 
NEGROES 

NEISSERIA 

NEISSERIA GONORRHOEAZ 
NEISSERIA MENINGITIDIS 
NEISSERIACEAE 

NEKTON 

NEMATSDA 

NEODYMIUM 

NEODYMIUM ALLOYS 
NEODYMIUM COMPOUNDS 
NEDDYMIUM LASERS 
NEOMYCINS 

NEON 

NEON TUBES 

NEOPLASMS 

NEOPRENE 

NEPAL 

NEPHELOMETERS 

NEPHRITIS 

NEPTUNE (PLANET ) 
NEPTUNIUM 

NEPTUNIUM COMPOUNDS 
NERVE AGENTS 

NERVE BLOCKING 

NERVE CELLS 

NERVE FIBERS 

NERVE IMPULSES 

NERVE Т>АМ5М155ІрМ 
NERVES 

NERVDUS SYSTEM 

NERVOUS SYSTEM DISEASES 
NESTING( ANIMALS ) 
NETHERLANDS 

NETS 

NETWORK ANALYSIS (MANAGEMENT ) 
NETWORK FLOWS 

NETWORKS 

NEURAL NETS 

NEURAMINIC ACID 
NEURISTORS 
NEUPDBIOLOGY 
NEURDBLASTOMA 
NEUROBLASTS 
NEUROCHEMICAL CODING 
NEUROCHEMICAL TRANSMISSION 
NEUROCHEMISTRY 
NEUROCIRCULATORY ASTHENIA 
NEUROLOGY 


„= 


UNCLASSIFIED 


OTIC POSTING TERMS 


NEUROMUSCULAR TRANSMISSION 
NEÛk PHYSIOLOGY 

NEUROS. S 

NEUROSPORA 

NEUTRAL 

NEUTRALIZATION 

NEUTRINOS 

NEUTRON ABSORBERS 
NEUTRON ABSORPTION 
NEUTRON ACTIVATION 
NEUTRON AGE 

NEUTRON BEAMS 

NEUTRON CAPTURE 

NEUTRON CAPTURE GAMMA RAYS 
NEUTRON COUNTERS 
NEUTRON CROSS SECTIONS 
NEUTRON DETECTORS 
NEUTRON DIFFRACTION 
NEUTRON FLUX 

NEUTRON IRRADIATION 
NEUTRON LIFETIME 
NEUTRON MULTIPLICATION FACTOR 
NEUTRON RADIOGRAPHY 
NEUTRON REACTIONS 
NEUTRON SCATTERING 
NEUTRON SPECTROMETERS 
NEUTRON SPECTRUM 
NEUTRON TRANSPORT THEORY 
NEUTRONS 

NEVADA 

NEW BRUNSWICK 

NEW ENGLAND 

NEW GUINEA 

NEW HAMPSHIRE 

NEW JERSEY 

NEW MEXICO 

NEW YORK 

NEW YORK CITY(NEW YORK) 
NEW ZEALAND 

NEWCASTLE OISEASE VIRUS 
NEWFOUNOLAND ( PROVINCE ) 
NEWSPAPERS 

NICARAGUA 

NICKEL 

NICKEL ALLOY INCONEL 
NICKEL ALLOYS 

NICKEL CADMIUM BATTERIES 
NICKEL COMPDUNDS 

NICKEL INTERMETALLICS 
NICKEL STEELS 
NICKELATES 

NICOTINE 

NICOTINIC АС10 

NIGERIA 

NIGHT 

NIGHT BOMBING 

NIGHT FLIGHT 

NIGHT LANDINGS 

NIGHT PHOTOGRAPHY = 


UNCLASSIFIED 


NIGHT RECONNAISSANCE 
NIGHT SIGHTS 

NIGHT SKY 

NIGHT VISION 

NIGHT VISION DEVICES 
NIGHT WARFARE 
NIMBOSTRATUS CLOUDS 
NIOBATES 

NIOBIUM 

NIOBIUM ALLOYS 
NIOBIUM COMPOUNDS i 
NITRAMINES 1 
NITRATES 1 
NITRATION 

NITRIC ACID 

NITRIDES 

NITRIDING 

NITRIFICATION 

NITRILE RUBBER 

NITRILES 

NITRITES 

NITRD RADICALS 

NITROBACTER 

NITRUBENZENES 

NITROCELLULOSE 

NITROETHANE 

NITROFLUORINATION 

NITROGEN 

NITRDGEN COMPOUNDS 

NITROGEN HETEROCYCLIC COMPOUNDS 

NITROGEN LASERS 

NITROGEN MUSTARDS 

NITROGEN OXIDES 

NITRDGLYCERIN 

NI TROGUANIDINE 

NITROME THANE 

NITRDNIUM PERCHLORATE 

NITROPHENOLS 

NITROSAMINES 

NITRDSO COMPDUNDS 

NITROTOLUENES 

NITROUS OXIOE 

NOBELIUM 

NOBELIUM COMPOUNDS 

NOCARDIA 

NOCTILUCENT CLDUDS 

NOCTURNAL ANIMALS 

NODES 

NOISE 

NOISE ANALYZERS 

NOISE GENERATORS 

NOISE JAMMERS 

NOISE JAMMING 

NOISE MODULATION 

NOISE POLLUTION 

NOISE REDUCTION 

NOISE(ELECTRICAL AND ELECTROMAGNETIC) 

NOISE (RADAR) 

NOISE (RADIO) 


UNCLASSIFIEO 
DTIC POSTING TERMS 
NOISE(SOUND) NOSE WHZELS 
NOMOGRAPHS NOSES 
NONANE NOSE ( ANATOMY ) 
NONAQUEOUS ELECTROLYTES NOTCH SENSITIVITY 
NONCOMB ATANT NOTCH TOUGHNESS 
NONCOMMISSIONEO OFFICERS NOVA SCOTIA 
NONCONVEX PROGRAMMING NOVAE 
NONDESTRUCTIVE TESTING NOZZLE AREA RATIO 
NONEQUILIBRIUM FLOW NOZZLE CLOSURES 
NONLEAKAGE PROBABILITY NOZZLE CLUSTERS 
NONLETHAL AGENTS NOZZLE GAS FLOW 
NONLINEAR ALGEBRAIC EQUATIONS NOZZLE INSERTS 
NONLINEAR ANALYSIS NOZZLE THROATS 
NONLINEAR DIFFERENTIAL EQUATIONS NOZZLELESS ROCKET ENGINES 
NONLINEAR PROGRAMMING NOZZLES 
NONLINEAR PROPAGATION ANALYSIS NUCLEAR BINDING ENERGY 
NONLINEAR SYSTEMS NUCLEAR BOMBS 
NONMETALLIC COMPOUNDS NUCLEAR CLOUOS 
NONMETALS NUCLEAR CRDSS SECTIONS 
NONNEWTONIAN FLUIDS NUCLEAR ELECTRIC MOMENTS 
NONPARAMETRIC STATISTICS NUCLEAR ENERGY 
NONPERIODIC VARIATIONS NUCLEAR ENERGY LEVELS 
NONPLANAR NUCLEAR ENGINEERING 
NONPOWERED FLIGHT NUCLEAR EXPLOSION DAMAGE 
NONREFLECTING COATINGS NUCLEAR EXPLOSION DETECTION 
NONSEQUENTIAL NUCLEAR EXPLOSION SIMULATION 
NONSKIO MATERIALS NUCLEAR EXPLOSION TESTING 
NONSTANDARD PARTS NUCLEAR EXPLOSIDNS 
NONTACTICAL WARFARE NUCLEAR FIREBALL 
NONUNIFORM NUCLEAR FLASH 
NONUNIFORM FLOW NUCLEAR FLUORESCENT SCATTERING 
NONVOLATILE MEMORIES NUCLEAR FORCES(MILITARY) 
NONYL RADICALS MUCLEAR FORCES(PHYSICS) 
NOR GATES NUCLEAR FUSION 
NORCARANE NUCLEAR INDUSTRIAL APPLICATIONS 
NORMAL DENSITY FUNCTIONS NUCLEAR INSTRUMENTATION 
NORMAL DISTRIBUTION NUCLEAR ISOBARS 
NORMALITY NUCLEAR ISOMERS 
NORMALIZING(STATISTICS) NUCLEAR MAGNETIC MOMENTS 
NORTH AFRICA NUCLEAR MAGNETIC RESONANCE 
NORTH AMERICA NUCLEAR MEDICINE 
NORTH ATLANTIC CURRENT NUCLEAR MODELS 
NORTH ATLANTIC OCEAN NUCLEA.. MOMENTS 
NORTH CAROLINA NUCLEAR PARTICLES 
NORTH OAKOTA NUCLEAR PHYSICS 
NORTH KOREA NUCLEAR PHYSICS LASORATORIES 
NORTH PACIFIC OCEAN NUCLEAR POWER PLANTS 
NORTH SEA NUCLEAR POWERED SHIPS 
NORTH VIETNAN NUCLEAR POWERED SUBMARINES 
NORTHEAST ASIA NUCLEAR PROLIFERATION 
NORTHERN HEMISPHERE NUCLEAR PROPERTIES 
NORTHWEST TERRITORIES NUCLEAR PROPULSION 
NORTH ( OIRECTION) NUCLEAR PUMPING 
NORWAY NUCLEAR QUADRUPOLE RESONANCE 
NORWEGIAN SEA NUCLEAR RADIATION 
NOSE CAPS NUCLEAR RADIATION PROTECTION 
NOSE CONES NUCLEAR RADIATION SPECTROMETERS 
NOSE FUZES NUCLEAR RADIATION SPECTROSCOPY 
NOSE TIPS NUCLEAR REACTIONS 
68 


UNCLASSIFIEO 


UNCLASSIFIED 


OTIC POSTING TERMS 


NUCLEAR REACTORS 
NUCLEAR RESDNANCE 
NUCLEAR SCATTERING 
NUCLEAR SHELL MODELS 
NUCLEAR SPINS 

NUCLEAR STRUCTURE 
NUCLEAR TRANSMUTATION 
NUCLEAR WARFARE 
NUCLEAR WARFARE CASUALTIES 
NUCLEAR WARHEADS 
NUCLEAR WEAPON OEBRIS 
NUCLEAR WEAPONS 
NUCLEASE 

NUCLEATE BOILING 
NUCLEATION 

NUCLEI 

NUCLEIC ACID COMPONENTS 
NUCLEIC ACIDS 
NUCLEI(BIOLOGY) 
NUCLEONS 

NUCLEOPHILIC REACTIONS 
NUCLEOPROTEINS 
NUCLEOSIDES 
NUCLEOTIDES 
NUCLEOTIDYL TRANSFERASES 
NUCLIDES 
NULLS ( AMPLITUDE ) 
NUMBER THEORY 
NUMBERING SYSTEMS 
NUMBERS 

NUMERICAL ANALYSIS 
NUMERICAL APERTURE 
NUMERICAL INTEGRATION 
NUMERICAL METHODS AND PROCEDURES 
NUMERICAL QUADRATURE 
NURSES 

NURSING 

NUTATING ANTENNAS 
NUTRIENT ANALYSIS 
NUTRIENTS 

NUTRITION 
NUTS(FASTENINGS) 

NYLON 

NYLON COATINGS 

NYMPH 

NYSTAGMUS 

NYSTATIN 

0 RINGS 

DARS 

OBESITY 

OBSCURATION 
OBSERVATION 
OBSERVATION AIRCRAFT 
OBSERVATORIES 
OBSERVERS 

OBSIOIAN 

OBSOLE SCENCE 
OSSOLESCENCE THEORY 
OBSTETRICS 


OBSTRUCTION(PHYSIOLOGY ) 
OBTURATION(BALLISTICS) 
OCCULTAT ION 
OCCUPATIONAL OISEASES 
OCEAN BOTTOM 

OCEAN BOTTOM SAMPLING 
OCEAN BOTTOM SOILS 
OCEAN BOTTOM TOPOGRAPHY 
OCEAN CURRENTS 

OCEAN ENVIRONMENTS 
OCEAN MOOELS 

OCEAN RIDGES 

OCEAN SURFACE 

OCEAN SURVEILLANCE 
OCEAN TIOES 

OCEAN WASTE DISPOSAL 
OCEAN WAVES 

OCEANIC CRUST 
OCEANOGRAPHERS 
OCEANOGRAPHIC DATA 
OCEANOGRAPHIC EQUIPMENT 
OCEANOGRAPHIC SHIPS 
OCEANOGRAPHY 

DCEANS 

OCTADECANES 

OCTAL CODING 

OCTANOIC АС10 

OCTOL 

OCTYL RADICALS 
OCULOMETERS 

DCULOMOTOR NERVE 

ODD EVEN NUCLEI 

DOD OOD NUCLEI 
ODOMETERS 

ODORS 

OFF LINE SYSTEMS 

OFF THE SHELF EQUIPMENT 
DFFICE BUILOINGS 


OFFICE EQUIPMENT AND SUPPLIES 


OFFICE PERSONNEL 
OFFICER PERSONNEL 
OFFROAD TRAFFIC 
OFFSET BOMBING 
OFFSET PRINTING 
OFFSHORE 

OFFSHORE DRILLING 
OFFSHORE STRUCTURES 
OGIVES 

OHIO 

OHIO RIVER 


DIL FILTERS 
OIL FREE COMPRESSORS 
OIL POLLUTION 


POLLUTION CONTAINMENT 


os 


OIL 
OIL 
OIL 
OIL 
OIL 
OIL 


PRODUCTS 
RESERVOIRS 

SEALS 

SHALES 

SPILLS 

TANKS 

OIL WASTES 

OIL WELLS 

OILS 

OINTMENTS 

OKHOTSK SEA 

OKINAWA 

OKLAHOMA 

OLEATES 

OLEFIN POLYMERS 
OLEFIN RESINS 

OLEIC ACIO 
OLFACTOMETERS 
OLFACTORY NERVE 
OLIGOCHAETA 

OLIVINE 

OMEGA NAVIGATION 
OMNIDIRECTIONAL 
OMNIOIRECTIONAL ANTENNAS 
OMSK VIRUS 

ON LINE SYSTEMS 
ONBOARD 

ONCOGENIC VIRUSES 
ONE DIMENSIONAL 

ONE OIMENSIONAL FLOW 
ONIONS 

ONTARIO 

ONTOGENY 

OOCYSTS 

OOMYCETES 

OPACITY 

OPEN LOOP SYSTEMS 
OPEN WATER 

OPENINGS 

OPENING( PROCESS ) 
OPERATION 
OPERATIONAL AMPLIFIERS 
OPERATIONAL EFFECTIVENESS 
OPERATIONAL READINESS 
OPERATIONS RESEARCH 
OPERATORS (MATHEMATICS ) 
OPERATORS (PERSONNEL ) 
OPHTHALMOLOGISTS 
OPHTHALMOLOGY 

OPIUM ALKALOIDS 
OPSONINS 

OPTIC NERVE 

OPTIC NE 

OPTICAL 

OPTICAL 


UNCLASSIFIED 
DTIC POSTING TERMS 


OPTICAL 
OPTICAL 
GPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICAL 
OPTICS 

OPTICS I 


CORRELATORS 
COUNTER COUNTERMEASURES 
COUNTERMEASURES 
CROSS SECTIONS 
OATA 

OEFENSE SYSTEMS 
OETECTION 
OETECTORS 
EQUIPMENT 
EQUIPMENT COMPONENTS 
FILTERS 

FUZES 

GLASS 

IMAGES 
INSTRUMENTS 
INTERFEROMETERS 
JAMMING 

LENSES 
MATERIALS 
PHENOMENA 
PROCESSING 
PROPERTIES 


RETROREFLECTION 
SCANNING 

SIGHTS 
SIGNATURES 
STORAGE 
SWITCHING 
TARGET OESIGNATORS 
TRACKING 
WARFARE 
WAVEGUIOES 
WEAPONS 


NOUSTRY 


OPTIMIZATION 
OPTOACOUSTIC FILTERS 


ОРТОМЕТЕ 


OPTOMETRY 
ORAL BACTERIA 
ORAL OISEASES 
ORAL DOSAGE 
ORAL HEALTH 
ORAL HYGIENE 
ORAL INTAKE 
ORANGE (COLOR ) 


ORBITS 

ORDER CI 
ORDER OI 
ORDER OF 


RCUITS 
SORDER TRANSFORMAT IONS 
SATTLE 


ОКОЁК STATISTICS 


ОРОМАМСЕ 


ORDNANCE DISPOSAL TOOLS 
ORONANCE LABORATORIES 
ORDNANCE LO“ ATORS 

4 ORDNANCE STEEL 

0 


UNCLASSIFIEO 


TICAL COMMUN: CATIONS 


UNCLASSIFIED 


OTIC POSTING TERMS 


OREGON 

ORES(METAL SOURCES) 
ORES(NONMETALLIC) 

ORGAN OF CORTI 

ORGANIC ACIDS 

ORGANIC CHEMISTRY 
ORGANIC COATINGS 

ORGANIC COMPOUNOS 
ORGANIC COOLEO REACTORS 
ORGANIC MATERIALS 
ORGANIC MOOERATEO REACTORS 
ORGANIC NITROGEN COMPOUNOS 
ORGANIC OXYGEN COMPOUNOS 
ORGANIC PHOSPHORUS COMPOUNOS 
ORGANIC PIGMENTS 
ORGANIC RADICALS 

ORGANIC SOILS 

ORGANIC SOLUTES 

ORGANIC SOLVENTS 
ORGANIC SULFUR COMPOUNOS 
ORGANIZATIONS 
ORGANOBORANES 
ORGANOMETALLIC COMPOUNDS 
ORGANOPHOSPHATES 

ORGANS ( ANATOMY ) 

ORIBOCA VIRUS 
ORIENTATION( DIRECTION) 
ORIFICES 

ORIPAVINE 

ORLON 

OROGENY 

OROGRAPHY 

ORTHODONTICS 
ORTHOGONALITY 
ORTHOPEDICS 
ORTHOPHOTOGRAPHY 
ORTHOPTERA 

ORTHOSTAT 1SM 
OSCILLATION 

OSCILLATORS 
OSCILLOGRAPHS 
OSCILLOSCOPES 

OSMIC ACIO 

OSMIUM 

OSMIUM ALLOYS 

OSMIUM COMPOUNDS 
OSMOSIS 

OSMOTIC PRESSURE 
OSTEICHTHYES 
OSTEOGENESIS 

OSTRACOOA 

OTOLOGY 

OTORHI NOLARYNGOLOGY 
OUTBOARD 

OUTDOOR 

OUTER MONGOLIA 

OUTER PLANETS 

OUTER SPACE 

OUTGASSING 
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UNCLASSIFIED 


OUTPATIENT CLINICS 
OUTPUT 

OVARIES 

OVENS 

OVER THE HORIZON DETECTION 
OVERCOATS 

OVERFLIGHT 

OVERLAP 

OVERLAYS 

OVERLOAD 
OVERPRESSURE 
OVERRIDE CONTROL 
OVERSEAS 

OVIPOSITOR 
OVULATION 

OWL MONKEYS 
OXADIAZOLES 
OXALACETIC ACIO 
OXALATES 

OXALIC ACIO 

OXAMIOES 

OXAZEPAM 

OXAZEPINE 

OXAZINES 

OXETANES 

OXIOATION 

OXIOATION REDUCTION REACTIONS 
OXIOATION RESISTANCE 
OXIDE CATHOOES 
OXIOES 

OXIOIZERS 
OXIDOREDUCTASES 
OXIMES 

OXIMETERS 
OXYBROMIOES 
OXYCHLORIOES 
OXYFLUORIOES 

OXYGEN 

OXYGEN COMPOUNOS 
OXYGEN CONSUMPTION 
OXYGEN ELECTRODES 
OXYGEN EQUIPMENT 
OXYGEN GENERATORS 
OXYGEN HETEROCYCLIC COMPOUNDS 
OXYGEN MASKS 
OXYHALIDES 

OXYLATES 
OXYNITRIOES 
OXYTETRACYCLINE 
OYSTERS 

OZONATION 

OZONE 

OZONE LAYER 
OZONIDES 

P BAND 

P TYPE SEMICONDUCTORS 
PACEMAKERS 

PACIFIC OCEAN 
PACIFIC OCEAN ISLADt 


UNCLASSIFIED 
OTIC POSTING TERMS 


PACK ICE 
PACKAGED CIRCUITS 
PACKAGING 
PACKETS 

PACKING DENSITY 
PACKING MATERIALS 
PADS (CUSHIONS ) 
PAGING 

PAIN 

PAINT APPLICATORS 
PAINT PRIMERS 
PAINT REMOVERS 
PAINT THINNERS 
PAINTS 

PAIR PRODUCTION 
PAKISTAM 
PALEONTOLOGY 
PALESTINIANS 
PALLADIUM 
PALLAOIUM ALLOYS 
PALLADIUM COMPOUNDS 
PALLETS 
PALYNOLOGY 


PANCREATIC OISEASES 
PANCREATIC HORMONES 
PANCREATITIS 

PANEL BOAROS(ELECTRICITY) 
PANELS 

PANEL (COMMITTEE ) 
PANORAMIC CAMERAS 
PANORAMIC EQUIPMENT 
PANORAMIC PHOTOGRAPHS 
PANORAMIC SCANNERS 
PANOSTEITIS 

PAPAIN 

PAPER 

PAPER CAPACITORS 
PAPER INDUSTRY 


PARALYSIS 
PARAMAGNETIC MATERIALS 
PARAMAGNETIC RESONANCE 
PARAMAGNETISM 
PARAMECIUM 
PARAMEOICAL SCIENCES 
PARAMETERS 

PARAMETRIC AMPLIFIERS 
PARAMETRIC ANALYSIS 
PARAMETRIC CONVERTERS 
PARAMETRIC OEVICES 


PARAMETRIC FREQUENCY CONVERTERS 


PARAMETRIC INSTABILITIES 
PARAMETRIC PROGRAMMING 
PARAMETRONS 

PARAMILITARY FORCES 

РАР “NASAL SINUSES 

РАК APS YCHOLOGY 

PARASITE AIRCRAFT 
PARASITEMIAS 

PARASITES 

PARASITIC DISEASES 
PARASITOLOGY 
PARASYMPATHOLYTIC AGENTS 
PARASYMPATHOMIME TIC AGENTS 
PARATHION 

PARATHYROIO GLANDS 
PARATHYROID HORMONES 
PAR. TROOPERS 

PARAVANES 

PARAWINGS 

PARENTERAL INFUSIONS 
PARITY 

PARKAS 

PARKING FACILITIES 
PARKING ORBIT TRAJECTORIES 
PAROTIO GLANDS 

PARSERS 

PARTIAL BOOY IRRADIATION 


PARTIAL DIFFERENTIAL EQUATIONS 


PARTIAL PRESSURE 


| 

| PAPERBOARD PARTICIPATIVE MANAGEMENT 

| РАВАВ10515 PARTICLE ACCELERATOR COMPONENTS 

| PARABOLAS PARTICLE ACCELERATOR TARGETS 
PARABOLIC ANTENNAS PARTICLE ACCELERATOR TECHNIQUES 


PARABOLIC BOOTIES 
PARACHUTE CANOPIES 
PARACHUTE DESCENTS 
PARACHUTE FABRICS 
PARACHUTE FLARES 
PARACHUTE JUMPING 
PARACHUTE PACKS 
PARACHUTES 
PARACHUTISTS 
PARAINFLUENZA VIRUS 
PARALLAX COMPUTERS 
PARALLEL ORIENTATION 
PARALLEL PROCESSING 
PARALLEL PROCESSORS 


PARTICLE ACCELERATORS 
PARTICLE BEAMS 
PARTICLE COLLISIONS 
PARTICLE COUNTERS 
PARTICLE FLUX 
PARTICLE SIZE 
PARTICLE SPECTRA 
PARTICLE TRAJECTORIES 
PARTICLES 
PARTICULATES 
PARTS 
PASSAMAQUODOY BAY 
PASSENGER AIRCRAFT 
PASSENGER VEHICLES 


UNCLASSIFIEO 


OTIC POSTING TERMS 


PASSENGERS 

PASSIVE OEFENSE 
PASSIVE SONAR 
PASSIVE SYSTEMS 
PASSIVITY 

PASTES 

PASTEURELLA 
PASTEURELLA PESTIS 
PASTEURELLA PSEUDOTUBERCULOSIS 
PASTEURELLA TULARENSIS 
PASTEURIZATION 
PATENT APPLICATIONS 
PATENT OFFICE 
PATENTS 
PATHOGENESIS 
PATHOGENIC MATERIALS 
PATHOGENIC MICROORGANISMS 
PATHOLOGISTS 
PATHOLOGY 

PATHS 

PATIENTS 

PATROL AIRCRAFT 
PATROL CRAFT 
PATROLLING 

PATTERN MAKING 
PATTERN RECOGNITION 
PATTERNS 

PAULINS 

PAVEMENT BASES 
PAVEMENTS 

PAYLOAD 

PEACETIME 

PEAK POWER 

PEAK VALUES 

PEANUT OIL 

PEARL HARBOR 
PEARLITE 

PEAS 

PEAT 

PECTINS 

PEOIATRICS 

PEEL STRENGTH 

PEER GROUPS 
PEGMATITE 
PELECYPODA 

PELLETS 

PELLICLE 

PELTIER EFFECT 
PELVIS 

PENALTIES 

PENCIL BEAMS 
PENOULUMS 
PENETRATION 
PENETRATION AIOS 
PENETROME TERS 
PENICILLIN ACYLASE 
PENICILLINASE 
PENICILLINS 
PENICILLIUM( PENICILLINS) 
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UNCLASSIFIED 


PENINSULAS 
PENNSYLVANIA 
PENTABORANES 
PENTADIENES 
PENTAFLUORIOES 
PENTANES 

PENTANOLS 

PENTANONES 
PENTOBARBITAL 
PENTODES 

PENTOLITE 

PENTOSES 
PENTYLENETETRAZOL 
PEPSINS 

PEPTIDE HYDROLASES 
PEPTIOES 

PEPTONES 

PERACETIC ACID 
PERCEPTION 
PERCEPTION(PSYCHOLOGY ) 
PERCHLORATES 
PERCHLORIC ACIO 
PERCHLORYL COMPOUNOS 
PERCHLORYL RADICALS 
PERCOLATION 
PERFORATION 
PERFORMANCE TESTS 
PERFORMANCE ( ENGINEERING) 
PERFORMANCE ( HUMAN) 
PERFUSION 
PERIBRONCHIOLITIS 
PERICARDIUM 
PERIDOTITE 

PERIGEE 

PERIHELION 

PERIMETER ACQUISITION RADAR 
PERIMETERS (DEFENSE ) 
PERIODIC FUNCTIONS 
PERIODIC VARIATIONS 
PERIOOICALS 
PERIPHERAL NERVOUS SYSTEM 
PERIPHERAL NEUROPATHY 


PERIPHERAL VISION 


PERISCOPES 

PERISCOPIC GUN SIGHTS 
PERISCOPIC SEXTANTS 
PERISHABLE CARGO 
PERISTALSIS 
PERITONEUM 

PERMAFROST 

PERMANENT MAGNET GENERATORS 
PERMANENT MAGNETS 
PERMANGANATES 
PERMEABILITY 
PERMEABILITY (MAGNETIC) 
PERME AMETERS 
PERMISSIBLE DOSAGE 
PERMUTATIONS 
PEROVSKITES 


пресуше зе: 


UNCLASSIFIED 


OTIC POSTING TERMS 


PEROXIDASES 
PEROXIDES 

PERSIAN GULF 
PERSONALITY 
PERSONALITY TESTS 
PERSONNEL 

PERSONNEL OETECTION 
PERSONNEL OETECTORS 
PERSONNEL DEVELOPMENT 
PERSONNEL MANAGEMENT 
PERSONNEL RETENTION 
PERSONNEL SELECTION 
PERSPIRATION 

PERT 

PERTURBATION THEORY 
PERTURBATIONS 

PERU 

PEST CONTROL 
PESTICIOES 

PESTS 

PETN 

PETROCHEMISTRY 
PETROGRAPHY 
PETROLEUM GEOLOGY 
PETROLEUM INDUSTRY 
PETROLEUM PRODUCTS 
PETROLOGY 

PH FACTOR 

PH METERS 

PHAGOCYTES 

PHALANGES 
PHARMACIES 
PHARMACISTS 
PHARMACOKINETICS 
PHARMACOLOGICAL ANTAGONISTS 
PHARMACOLOGY 

PHASE 

PHASE CONTROL 

PHASE OETECTORS 
PHASE DIAGRAMS 
PHASE OISTARTION 
PHASE LOCKEO COMMUNICATIONS 
PHASE LOCKED SYSTEMS 
PHASE MEASUREMENT 
PHASE METERS 

PHASE MODULATION 
PHASE SHIFT 

PHASE SHIFT CIRCUITS 
PHASE SHIFT KEYERS 
PHASE STUDIES 

PHASE TRANSFORMATIONS 
PHASE TRANSFORMERS 
PHASEO ARRAYS 

PHASE (ELECTRONICS ) 
PHENANTHRENE S 
PHENOLIC PLASTICS 
PHENOLS 
PHENOTHIAZINES 
PHENOXYACETIC ACIDS 
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UNCLASSIFIED 


PHENYL ETHER 
PHENYL RADICALS 
PHENYLALANINE 
PHENYLAMINES 
PHENYLENEDIAMINES 
PHEROMONES 
PHILIPPINES 
PHILOSOPHY 
PHONEMES 
PHONETICS 
PHONOCARDIOGRAPHY 
PHONOGRAPHS 
PHONONS 

PHOSGENE 
PHDSPHATASES 
PHOSPHATE COATINGS 
PHOSPHATE DEHYDROGENASE 
PHOSPHATE GLASS 
PHDSPHATES 
PHDSPHAZENE 
PHOSPHIDES 
PHOSPHINATES 
PHOSPHINE 
РНО5РНЇМЕ OXIDES 
PHOSPHINIC ACIDS 
PHOSPHINOBORINES 
PHOSPHITES 
PHOSPHODIESTERASE 


PHOSPHOGLUCONATE DEHYOROGENASE 


PHOSPHOLIPIOS 
PHOSPHONATES 

PHGSPHONIC ACIDS 
PHOSPi‘ONITRI}.E CHLORIDES 
PkISPHONIUM COMPOUNDS 
PrOSPHOPRDTEINS 
PHOSPHORESCENCE 
PHOSPHORESCENT MATERIALS 
"HOSPHORIC ACIDS 


PHOSPHORIC MONOESTER HYDROLASES 


PHOSPHOROTHIOATES 
PHOSPHORS 

PHOSPHORUS 
PHOSPHORUS ALLOYS 
PHOSPHORUS COMPOUNDS 


PHOSPHORUS HETEROCYCLIC COMPOUNDS 


PHOSPHORUS TRANSFERASES 
PHOSPHORYLASES 
PHOSPHORYLATION 2 
PHOTDACTIVATION ANALYSIS 
PHOTOCATHODES 
PHOTOCHEMICAL REACTIONS 
PHOTOCHROMIC MATERIALS 
PHOTOCHROMISM 
PHOTOCOAGULATORS 
PHOTCCOMPOSITION 
PHOTOCONDUCTIVITY 
PHOTOCONDUCTORS 
PHOTOOECOMPOS ITION 
PHOTODEGRADAT I ON 


UNCLASSIFIEO 


DTIC POSTING TERMS 


PHOTOOETECTION 
PHOTODETECTORS 


PHOTOOIOOES 


PHOTOOISSOCIATION 
PHOTOELASTICITY 

PHOTOELECTRIC CELLS( SEMICONDUCTOR) 
PHOTOELECTRIC EFFECT 
PHOTOELECTRIC EFFECT(GAMMA RAYS) 
PHOTOELECTRIC EMISSION 
PHOTOELECTRIC MATERIALS 
PHOTOELECTRIC PYROMETERS 
PHOTOELECTRICITY 

PHOTOELECTRON SPECTRA 
PHOTOELECTRONS 

PHOTOENGRAVING 

PHOTOFLASH AMMUNITION 
PHOTOFLASH BOMBS 

PHOTOFLASH CARTRIDGES 
PHOTOFLASH LAMPS 

PHOTOFLASH PROJECTILES 
PHOTOFLUOROGRAPHIC CAMERAS 
PHOTOFKAGMENT SPECTROSCOPY 


PHOTOGEOLOGY 


PHOTDGRAMMETRY 


PHOTDGRAPHIC 
PHOTDGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPH TC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 
PHOTOGRAPHIC 


ACUTANCE 
ANALYSIS 
CHEMICALS 
CONTRAST 
DATA LINKS 
DEVELOPERS 
DOSIMETERS 
ORIERS 
EMULSIONS 
EQUIPMENT 
FILM 
FILM CHIPS 
FILTERS 
FIXERS 
FOG 
GRAIN 
IMAGES 
INTELLIGENCE 
LIGHTING SYSTEMS 
MATERIALS 
NEGATIVES 
PAPER 
PLATES 
PRINTERS 
PROCESSING 
PROCESSING EQUIPMENT 
PROCESSORS 
PROJECTORS 
RECONNAISSANCE 
RECORDING MEOIA 
RECORDING SYSTEMS 
RECTIFIERS 
SCALE 
TEXTURE 
TONE 
75 
UNCLASSIFIEO 


PHOTOGRAPHIC WINDOWS 
PHOTOGRAPHS 

PHOTOGRAPHY 
PHOTOHELIOGRAPHS 
PHOTOINTERPRETABILITY 
PHOTOINTERPRETATION 
PHOTOINTERPRETATION KEYS 
PHOTOINTERPRETERS 
PHOTOIONIZATION 
PHOTOLITHOGRAPHY 
PHOTOLUMINESCENCE 
PHOTOLYSIS 
PHOTOMACROGRAPHS 
PHOTOMAGNETIC EFFECT 
PHOTOMASKING 

Pr OTOMETERS 

PHOTOMETRY 
PHOTOMICROGRAPHY 
PHOTOMULTIPLIER TUBES 
PHOTON BEAMS 

РНОТОМ BOMBARDMENT 
PHOTDN CROSS SECTIONS 
PHOTONS 

PHOTONUCLEAR REACTIONS 
PHOTOPERIOOISM 
PHOTOPLASTIC MATERIALS 
PHOTORECEPTORS 
PHOTORECOMBINATION LASERS 
PHOTDRESISTORS 
PHOTOSENSITIVITY 
PHOTOSENSITIVITY (BIOLOGICAL ) 
PHOTOSPHERE 
PHOTOSYNTHESIS 
PHOTOTHEODOLITES 
PHOTOTHERMAL ENERGY 
PHOTOTHERMAL PROPERTIES 
PHOTOTRANSISTORS 
PHOTOTUBES 

PHOTOVOLTAIC EFFECT 
PHRASE STRUCTURE GRAMMARS 
PHRENIC NERVES 
PHTHALATES 

PHTHALIC ACIOS 

PHTHALOCY ANINES 
PHYSICAL CHEMISTRY 
PHYSICAL FITNESS 
PHYSICAL METALLURGY 
PHYSICAL PROPERTIES 
PHYSICAL SCIENCES 
PHYSICAL THERAPY 
PHYSICIANS 

PHYSICISTS 
PHYSICOCHEMICAL PROPERTIES 
PHYSICS 

PHYSICS LABORATORIES 
PHYSIOLOGICAL DISORIENTATION 
PHYSIOLOGICAL EFFECTS 
PHYSIOLOGISTS 

PHYSIOLOGY 


— 


PHYSOSTIGMINE 
PHYTOPHTHORA 
PHYTOPLANKTON 
PHYTOTOXICITY 
PHYTOTOXINS 

PICKET SHIPS 

PICKLES 

PICKLING 

PICKLING COMPOSITIONS 
PICORNAVIRUSES 
PICRAMIC ACID 

PICRIC ACID 

PICTURE BADGES 
PICTURES 

PIERS 

PIEZOELECTRIC CRYSTALS 
PIEZOELECTRIC EFFECT 
PIEZOELECTRIC GAGES 
PIEZOELECTRIC MATERIALS 


PIEZOELECTRIC TRANSDUCERS 


PIEZOELECTRICITY 
PIGEONS 

PIGMENTS 

PILE DRIVERS 
PILE STRUCTURES 
PILOT PLANTS 
PILOT SEATS 
PILOT STUDIES 
PILOTS 

PIN DIODES 
PINCH EFFECT 
PINEAL GLAND 
PINEAPPLES 
PINGERS 

PINS 

PINTLES 

PIDNS 

PIPE BENDS 

FIPE FITTINGS 
PIPE WRENCHES 
PIPELINES 
PIPERAZINES 
PIPERIDINES 
PIPES 

PIPETTES 

PIPING SYSTEMS 
PIRICULARIA 
PISTOLS 

PISTON ENGINES 
PISTON RINGS 
PISTONS 

PITCH DISCRIMINATION 
PITCH(INCLINATION) 
PITCH(MATERIAL) 
PITCH(MOTION) 
PITOT TUBES 
PITTING 
PITUITARY GLAND 
PITUITARY HORMONES 
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UNCLASSIFIED 


PIVOTS 

PLACEBOS 

PLACENTA 

PLAGIOCLASE 

PLAGUE VACCINE 
PLAGUES 

PLAN POSITION INDICATORS 
PLANAR STRUCTURES 
PLANE GEOMETRY 

PLANE WAVES 

PLANETARY ATMOSPHERES 
PLANETARY SATELLITES 
PLANETARY SURFACE VEHICLES 
PLANETOLOGY 

PLANETS 

PLANFORM 

PLANIMETRY 

PLANING SURFACES 
PLANKTON 

PLANKTON BLOOMS 
PLANNING 

PLANNING PROGRAMMING BUDGETING 
PLANT GRDWTH 

PLANT HORMONES 

PLANT PATHOLOGY 
PLANT ROOTS 

PLANT TISSUE 
PLANTING 

PLANTS ( BOTANY ) 

PLASMA ACCELERATORS 
PLASMA ARC WELDING 
PLASMA CHROMATOGRAPHY 
PLASMA CONTROL 
PLASMA DEVICES 
PLASMA DIAGNOSTICS 
PLASMA ENGINES 
PLASMA GENERATORS 
PLASMA JETS 

PLASMA OSCILLATIONS 
PLASMA SHEATHS 
PLASMA SPRAYING 
PLASMA WAVES 
PLASMASPHERE 
PLASMAS(PHYSICS) 
PLASMIN 

PLASMODIUM 
PLASMODIUM BERGHEI 
PLASMODIUM FALCIPARUM 
PLASMODIUM KNOWLESI 
PLASMODIUM VIVAX 
PLASMONS 

PLASTIC BOATS 
PLASTIC BONDED EXPLOSIVES 
PLASTIC COATINGS 
PLASTIC DEFORMATION 
PLASTIC EXPLOSIVES 
PLASTIC FLOW 

PLASTIC LENSES 
PLASTIC PAINTS 


UNCLASSIFIEO 
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PLASTIC PROPERTIES 
PLASTIC SEALS 
PLASTIC SURGERY 
PLASTICIZERS 
PLASTICS 

PLASTICS INDUSTRY 
PLATEAUS 

PLATES 

PLATFORMS 

PLATING 

PLATINUM 

PLATINUM ALLOYS 
PLATINUM COMPOUNDS 
PLATOON LEVEL ORGANIZATIONS 
PLATYHELMINTHS 
PLAYAS 

PLAYBACK 
PLECTOMYCETES 
PLENUM CHAMBERS 
PLEOCHROISM 
PLEOCYTOSIS 

PLETHY SMOGRAPHY 
PLEURAL PRESSURES 
PLEUROPNEUMONIA LIKE ORGANISMS 
PLEXIGLAS 

PLIERS 

PLOTTERS 

PLOTT ING 

PLOTTING BOARDS 
PLUG IN UNITS 

PLUG NOZZLES 

PLUG VALVES 
PLUGGING 

PLUGS 

PLUMBICONS 

PLUMES 

PLUNGER PUMPS 
PLUNGERS 

PLUTONATES 
PLUTONIUM 

PLUTONIUM ALLOYS 
PLUTONIUM COMPOUNOS 
PLUTO( PLANET) 
PLYWOOD 

PNEUMATIC ACTUATORS 
PNEUMATIC BRAKES 
PNEUMATIC DEVICES 
PNEUMATIC SERVOMECHANISMS 
PNEUMATIC VALVES 
PNEUMOCYTES 
PNEUMOGRAM 
PNEUMONIA 

PNP TRANSISTORS 
POCKELS CELLS 

POHAI GULF 

POINT DEFECTS 

POINT DEFENSE 

POINT OETONATING FUZES 
POINT INITIATING FUZES 
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POINT THEOREM 
POINTS (MATHEMATICS) 
POISONING 
POISONOUS GASES 
POISONS 


POISSON OENSITY FUNCTIONS 


POISSON EQUATION 
PDISSON RATIO 

POL STORAGE 

POLAND 

POLAR CAP 

POLAR CAP ABSORPTION 


POLAR ORBIT TRAJECTORIES 


POLAR REGIONS 
POLARIMETERS 
POLARIMETRY 
POLARISCOPES 
POLARITY 
POLARIZATION 
POLARIZED RELAYS 
POLARIZERS 
POLARIZING FILTERS 
PDLAROGRAPHIC ANALYSIS 
POLAROGRAPHY 
POLARTRONS 

POLES( SUPPORTS) 
POLICE 

POLICIES 
POLIOMYELITIS 
POLIOVIRUSES 
POLISHES 

POLISHING 

POLITICAL ALLIANCES 
POLITICAL NEGOTIATIONS 
POLITICAL PARTIES 
POLITICAL REVOLUTION 
POLITICAL SCIENCE 
POLLEN 

POLLUTANTS 

PDLLUTION 

POLLUTION ABATEMENT 
PDLONIUM 

POLONIUM COMPOUNDS 
POLYACRYLAMIOES 
POLYACRYLATES 
POLYAMIDE PLASTICS 
POLYATOMIC MOLECULES 
POLYBENZIMIOAZOLE 
POLYBUTADIENE 
POLYCARBONATES 
POLYCHAETA 
POLYCRYSTALLINE 
POLYCYCLIC COMPOUNDS 
POLYELECTROLYTES 
POLYESTER FIBERS 
POLYESTER PLASTICS 
POLYETHERS 
POLYETHYLENE 
POLYETHYLENE PLASTICS 
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POLYETHYLENE TEREPHTHALATE 
POLYFREQUENCY RADAR 

POLYGONS 

POLYIMIOE RESINS 

POLYMERIC FILMS 
POLYMERIZATION 

POLYMERS 

POLYMETHYL METHACRYLATE 
POLYMORPHISM 
POLYMORPHONUCLEAR GRANULOCYTES 
POLYMORPHONUCLEAR LEUKOCYTES 
POLYMORPHONUCLEAR NEUTROPHILS 
POLYMYXINS 

POLYNESIA 

POLYNOMIALS 

POLYOXYETHYLENE 
POLYPHENYLENES 

POLYPROPYLENE 
POLYSACCHARIDES 

POLYSILANES 

POLYSILICONS 

POLYSTYRENE 

POLYSULFIOES 

POLYSULFONES 

POLYURETHANE RESINS 
POLYVINYL. ALCOHOL 

POLYVINYL CHLORIOE 
POLYVINYLIDENES 

PONDS 

PONTOONS 

POPPY PLANTS 

POPL'LATION 

POPULATION( MATHEMATICS ) 

PORE PRESSURE 

POREFORMING 

PORK 

POROSITY 

POROUS MATERIALS 

POROUS METALS 

PORPHYRINS 

PORPOISES 

PORTABLE EQUIPMENT 

PORTABLE SHELTERS 
PORTS ( FACILITIES) 

PORTS (OPENINGS ) 

PORTUGAL 

POSITION FINDING 
POSITIONING OEVICES(MACHINERY ) 
POSITIONING REACTIONS 
POSITION (LOCAT ION) 

POSITIVE CRANKCASE VENTILATION 
POSITIVE EXPULSION 
POSITRONIUM 

POSITRONS 

POST WAR OPERATIONS 

POSTAGE METERS 

POSTAL SERVICE 

POSTATTACK OPERATIONS 
РО5ТВОС51 PROPULSION SYSTEMS 
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POSTURE (GENERAL ) 
POSTURE ( PHYSIOLOGY ) 
POTASSIUM 

POTASSIUM ALLOYS 
POTASSIUM CHLORIOE 
POTASSIUM COMPOUNOS 
POTATOES 

POTENCY 

POTENTIAL ENERGY 
POTENTIAL FLOW 
POTENTIAL SCATTERING 
POTENTIAL THEORY 
POTENTIOMETERS 
POTENTIOMETRIC ANALYSIS 
POTENTIOSTATIC TECHNIQUES 
POTOMAC RIVER 
POTTING 

POTTING COMPOUNDS 
POULTRY 

POWDER ALLOYS 

POWDER BAGS 

POWDER METALLURGY 
POWDER METALS 
POWDERS 

POWER 

POWER AMPLIFIERS 
POWER COEFFICIENT OF REACTIVITY 
POWER CONOITIONING 
POWER DISTRIBUTION 
POWER DIVIOERS 

POWER ENGINEERING 
POWER EQUIPMENT 
POWER GAIN 

POWER LEVIES 

POWER MEASUREMENT 
POWER METERS 

POWER SERIES 

POWER SPECTRA 

POWER SUPPLIES 

POWER TOOLS 

POWER TRANSFORMERS 
POWER TRANSMISSION BELTS 
POWEREO BALLOONS 
POWERED LIFT 

POX VIRUSES 

PRACTICE BOMBS 
PRANDTL NUMBER 
PRASEODYMIUM 
PRASEODYMIUM COMPOUNDS 
PREAMPLIFIERS 
PRECESSION 

PRECIOUS METALS 
PRECIPITATES 
PRECIPITATION 
PRECIPITATION STATIC 
PRECISION 

PRECISION BOMBING 
PRECISION FINISHING 
PRECURSORS 


Fea > 
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PREDICTIONS 

PREF ABRICATEO BUILDINGS 
PREFABRICATION 
PREGNANCY 


PREMATURE FUNCTIONING (ORDNANCE ) 


PREPARATION 
PREPOSITIONING(LOGISTICS ) 
PREPROCESSING 
PRESERVATION 
PRESERVATIVES 

PRESET GUIOANCE 
PRESIDENT(UNITEO STATES) 
PRESS FORGING 

PRESSES( MACHINERY ) 
PRESSING( FORMING) 
PRESSURE 

PRESSURE BREATHING 
PRESSURE OISTRIBUTION 
PRESSURE GAGES 

PRESSURE GRADIENTS 
PRESSURE HULLS 

PRESSURE MEASUREMENT 
PRESSURE MINES 

PRESSURE PATTERN FLIGHT 
PRESSURE REGULATORS 
PRESSURE SEALS 

PRESSURE SIGNATURES 
PRESSURE SUITS 

PRESSURE SWITCHES 
PRESSURE TRANSDUCERS 
PRESSURE VESSELS 
PRESSURE WELDING 
PRESSURIZATION 
PRESSURIZED CABINS 
PRESSURIZED WATER REACTORS 
PRESTRESSED CONCRETE 
PRESTRESSING 
PREVENTION 

PREVENTIVE DENTISTRY 
PREVENTIVE MAINTENANCE 
PREVENTIVE MEDICINE 
PRICE INDEX 

PRIMAQUINE 

PRIMARY BATTERIES 
PRIMARY WAVES (SEISMIC WAVES) 
PRIMATES 

PRIME NUNBERS 

PRIMER CUPS 

PRIMERS 

PRINTEO CIRCUIT BOAROS 
PRINTEO CIRCUITS 
PRINTERS(OATA PROCESSING) 
PRINTING 

PRINTING EQUIPMENT 
PRISMATIC BOOIES 
PRISMS(OPTICS) 
PRISONERS 

PRISONERS OF WAR 
PRISONS 


PROBABILITY 
PROBABILITY OENSITY FUNCTIONS 
PROBABILITY OISTRIBUTION FUNCTIONS 
PROBES 
PROBES(ELECTROMAGNETIC ) 
PROBLEM SOLVING 
PROCESSING 

PROCESSING EQUIPMENT 
PROCUREMENT 
PROOIGIOSIN 
PRODUCTION 

PRODUCTION CONTROL 
PRODUCTION ENGINEERING 
PRODUCTION MODELS 
PRODUCTION RATE 
PRODUCTION REACTORS 
PRODUCTIVITY 
PROFICIENCY 

PROFILES 

PROFILOMETERS 

PROFITS 

PROGESTERONE 
PROGRAMMED INSTRUCTION 
PROGRAMMERS 
PROGRAMMING LANGUAGES 
PROGRAMMING MANUALS 
PROJECTILE CAPS 
PROJECTILE CASES 
PROJECTILE FUZES 
PRGJECTILE TRAJECTORIES 
PROJECTILES 
PROJECTION PRINTERS 
PROJECTIVE GEOMETRY 
PRGJECTIVE TECHNIQUES 
PROJECTOR CHARGES 
PROJECTORS ( ORDNANCE ) 
PROLACTIN 

PROLAMINES 

PROMETHIUM 

PROMETHIUM COMPOUNDS 
PROMOTION ( ADVANCEMENT ) 
PROMPT NEUTRONS 
PROPAGANDA 
PROPAGATION 

PROPANE 

PROPANOLS 

PROPELLANT ACTUATEO DEVICES 
PROPELLANT BURN OUT 
PROPELLANT CONTROL 
PROPELLANT FLASHES 
PROPELLANT GRAINS 
PROPELLANT MOOIFIERS 
PROPELLANT SMOKE 
PROPELLANT TANKS 
PROPELLANT TRANSFER 
PROPELLANTS 

PROPELLER BLADES 
PROPELLER CUFFS 
PROPELLER HUBS 
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PROPELLER NOISE 
PROPELLER PUMPS 
PROPELLER SHAFTS 
PROPELLER STRUTS 
PROPELLERS 

PROPELLING CHARGES 
PROPENES 

PROPEROIN 
PROPIOLACTONES 
PROPIONATES 

PROPIONIC ACIO 
PROPIONITRILE 
PROPORTIONAL COUNTERS 
PROPORTIONAL NAVIGATION 
PROPRIOCEPTION 
PROPULSION GEARS 
PROPULSION SYSTEM COMPONENTS 
PROPULSION SYSTEMS 
PROPYL RADICALS 
PROPYLENE GLYCOL 
PROPYLIOENES 
PROSTAGLANOIN 

PROSTATE GLANO 
PROSTHETICS 
PROTACTINIUM 
PROTACTINIUM COMPOUNOS 
PROTAMINES 

PROTECTION 

PROTECTIVE CLOTHING 
PROTECTIVE COATINGS 
PROTECTIVE COVERINGS 
PROTECTIVE EQUIPMENT 
PROTECTIVE MASK CANISTERS 
PROTECTIVE MASK FACEPIECES 
PROTECTIVE MASK FILTERS 
PROTECTIVE MASKS 
PROTECTIVE TREATMENTS 
PROTEIN METABOLISM 
PROTEINS 

PROTEINS (CONJUGATEO) 
PROTEINS(OERIVEO) 
PROTEINS(SIMPLE) 
PROTEUS 

PROTEUS VULGARIS 
PROTHROMBIN 

PROTON ACCELERATORS 
PROTON BEAMS 

PROTON BOMBARDMENT 
PROTON CAPTURE 

PROTON COUNTERS 

PROTON CROSS SECTIONS 
PROTON REACTIONS 
PROTON SCATTERING 
PROTONS 

PROTOP'.ASM 

PROTOTYPES 

РВОТО2ОА 
PROTUBERANCES 
PROUSTITE 
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PROXIMITY OEVICES 
PROXIMITY FUZES 

PRUNES 

PSEUDO NOISE SYSTEMS 
PSEUDO RANDOM SYSTEMS 
PSEUOOMONADACEAE 
PSEUDOMONADALES 
PSEUDOMONAS 

PSEUOOMONAS AERUGINOSA 
PSEUDOMONAS FLUORESCENS 
PSEUDORANDOM SEQUENCES 
PSILOCIN 

PSYCHIATRY 
PSYCHOACOUSTICS 
PSYCHOANALEPTIC AGENTS 
PSYCHOCHEMICAL AGENTS 
PSYCHOLINGUISTICS 
PSYCHOLOGICAL LABORATORIES 
PSYCHOLOGICAL OPERATIONS 
PSYCHOLOGICAL TESTS 
PSYCHOLOGICAL WARFARE 
PSYCHOLOGISTS 
PSYCHOLOGY 

PSYCHOMOTOR FUNCTION 
PSYCHOMOTOR TESTS 
PSYCHOPHYSICS 
PSYCHOPHYSIOLOGY 
PSYCHOSES 

PSYCHOTHERAPY 
PSYCHOTROPIC AGENTS 
PSYCHROMETERS 
PSYCHROPHILIC ORGANISMS 
PUBLIC ADDRESS SYSTEMS 
PUBLIC ADMINISTRATION 
PUBLIC HEALTH 

PUBLIC OPINION 

PUBLIC RELATIONS 
PUBLIC 5АРЕГҮ 

PUBLIC UTILIYIES 
PUCCINIA(RUSTS ) 

PUERTO RICO 

PUGET SOUND 

PULEX 

PULL TESTS 

PULMONARY ARTERIES 
PULMONARY BLOOO CIRCULATION 
PULMONARY EDEMA 
PULMONARY FUNCTION 
PULMONARY HYPERTENSION 
PULMONARY INSUFFICIENCY 
PULMONARY VEINS 

PULP MILLS 

PULPERS 

PULSARS 

PULSE AMPLIFIERS 

PULSE AMPLITUDE 

PULSE AMFLITUDE MODULATION 
PULSE ANALYZERS 

PULSE CABLES 


4 
i 


PULSE COOE MODULATION 
PULSE COMMUNICATIONS 
PULSE COMPRESSION 
PULSE COUNTERS 

PULSE DISCRIMINATORS 
PULSE DURATION MODULATION 
PULSE FREQUENCY MODULATION 
PULSE GENERATORS 
PULSE HEIGHT ANALYZERS 
PULSE INTEGRATORS 
PULSE MODULATION 
PULSE POSITION MODULATION 
PULSE RATE 

PULSE SPACING MODULATION 
PULSE TRAINS 

PULSE TRANSFORMERS 
PULSE TRANSMITTERS 
PULSED LASERS 
PULSEJET ENGINES 
PULSES 

PULTRUSION 

PUMP COMPONENTS 

PUMP ING 

PUMPING STATIONS 
PUMPING(ELECTRONICS ) 
PUMPS 

PUNCHED CARD READERS 
PUNCHED CAROS 

PUNCHED TAPE 

PUNCHING MACHINES 
PUNISHMENT 

PURGING 

PURIFICATION 

PURINE ALKALOICS 
PURINES 

PURITY 

PURSUIT COURSES 

PUSH BUTTONS 

PUSH PULL. AMPLIFIERS 
PYODERMA 

PYRAMIDS 
PYRAMIDS ( GEOMETRY ) 
PYRANOMETERS 
PYRARGYRITE 

PYRAZOLES 
PYRENOMYCETES 
PYRETHRINS 
PYRHELIOMETERS 
PYRIDINES 

PYRIDOXINES 
PYRIMETHAMINE 
PYRIMIOINES 

PYRITE 
PYROELECTRICITY 
PYROGEN IGNITERS 
PYROGENS 

PYROLYSIS 

PYROLYTIC GRAPHITE 
PYROMETALLURGY 
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PYROMETERS 
PYROPHORIC MATERIALS 
PYROTECHNIC PROJECTURS 
PYROTECHNICS 

PYRROLES 

PYRROLIDINES 
PYRUVATES 

PYRUVIC ACIO 

Q BAND 

Q FACTORS 

Q FEVER 

Q METERS 

Q SWITCHING 
QUADRANTS 

QUADRATIC EQUATIONS 
QUADRATIC PROGRAMMING 
QUADRUPOLE MCMENT 
QUALIFICATIONS 
QUALITATIVE ANALYSIS 
QUALITY 

QUALITY ASSURANCE 
QUALITY CONTROL 
QUANTITATIVE ANALYSIS 
QUANTITY 

QUANTIZATION 

QUANTUM CHEMISTRY 
QUANTU* COUNTERS 
QUANTUM EFFICIENCY 
QUANTUM ELECTRODYNAMICS 
QUANTUM ELECTRONICS 
QUANTUM STATISTICS 
QUANTUM THEORY 
QUARANTINE 

QUARTIC EQUATIONS 
QUARTZ 

QUARTZ CAPACITORS 
QUARTZ PHENOLIC MATERIALS 
QUARTZ RESONATORS 
QUARTZITE 

QUASARS 

QUATERNARY COMPOUNDS 
QUEBEC 

QUEEN ELIZABETH ISLANDS 
QUENCHING 

QUENCHING ( INHIBITION) 
QUESTIONNAIRES 
QUEUEING THEORY 
QUICK REACTION 

QUIET 

QUIET TORPEDOES 
QUIET WEAPONS 
QUINAZOLINES 

QUININE 

QUINOLINE ALKALOIDS 
QUINOLINES 
QUINOLINOLS 

QUINONES 
QUINOXALINES 

RABBITS 


EP ам IEE د‎ чле аш. 
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RABIES VIRUS RADIAL TIRES 

RACE RELATIONS RADIAL VELOCITY 
RACEMASES AND EPIMERASES RADI ANCE 

RACE ( ANTHROPOLOGY ) RADIANT COOLING 
RACIAL OISCRIMINATION RADIANT FLUX OENSITY 
RADAR RADIANT HEATING 

RADAR ABSORBING MATERIALS RADIANT HEATING PANELS 
RADAR ANTENNAS RADIANT INTENSITY 
RADAR ANTI JAMMING RADIATEO NOISE 

| RADAR ASTRONOMY RADIATION 

* RADAR BEACONS RADIATION ABSORPTION 


a RADAR BEAMS RADIATION ALARMS 
8 | RADAR BOMBING RADIATION ATTENUATION 
3 RADAR CAMOUFLAGE RADIATION BELTS 
: RADAR CLUTTER RADIATION CHEMISTRY 
7 RAOAR CONFUSION REFLECTORS RADIATION DAMAGE 
| RADAR CORNER REFLECTORS RADIATION DOSAGE 
RADAR CORRELATION RADIATION EFFECTS 
| RADAR CROSS SECTIONS RADIATION HAROENING 
RADAR OECEPTION RADIATION HAZARDS 
| RAOAR DECOYS RADIATION INJURIES 
RADAR DUPLEXERS RADIATION MEASURING INSTRUMENTS 
RADAR EQUIPMENT RADIATION MONITORS 
| RADAR FOOTPRINT RADIATION PATTERNS 
RADAR GUN SIGHTS. RADIATION PRESSURE 
| RADAR HOMING RADIATION PROTECTION 
1 RADAR IMAGES RADIATION PYROMETERS 
tg RADAR INTELLIGENCE RADIATION RESISTANCE 
AE RADAR INTERCEPTION RADIATION SHIELOING 
1 | RADAR INTERFERENCE RADIAT ` № SICKNESS 
‚ | RADAR JAMMING RADIATION SIMULATION TESTS 
г RADAR LANOING CUNTROL RADIATiON TOLERANCE 
| RADAR MAPPING RADIATION WEAPONS 
RADAR NAVIGATION RADIATIVE CAPTURE CROSS SECTIONS 
RADAR OPERATORS RADIATIVE TRANSFER 
| RADAR РНОТООВАРНҮ RADIATORS (GENERAL ) 
m” RADAR PULSES RADIATORS(HEATING AND COOLING) 
bi RADAR RANGE CALIBRATORS ВАО10 ALTIMETERS 
RADAR RANGE COMPUTERS RADIO ANTIJAMMING 
| RADAR RECEIVERS RADIO ASTRONOMY 
RADAR RECONNAISSANCE RANIO BEACONS 
| RADAR RECORDING CAMERAS RADIO BEANS 
| RADAR REFLECTIONS RADIO BROADCASTING 
RADAR REFLECTORS RADIO COMPASSES 


| RADAR REPEATERS RADIO DECEPTION 
RADAR SCANNING RADIO OIRECTION FINDERS 
RADAR SIGNALS RADIO DOPPLER CHRONOGRAPHS 

| RADAR SIGNATURES RADIO ENGINEERING 
RADAR SILENCE RADIO EQUIPMENT 

| RADAR STATIONS RADIO FIELDS 
RADAR TARGET OESIGNATORS RADIO HOMING 

{ RADAR TARGET POSITION SIMULATORS RADIO INTERCEPTION 

| RADAR TARGETS RADIO INTERFERENCE 

! RADAR TRACKING RADIO INTERFEROMETERS 
RADAR TRAINERS RADIO INTERFEROMETRY 
RADAR TRANSMITTERS RADIO JAMMING 

| RADIAL BEAM TUBES RADIO LINKS 

' RADIAL FLOW RADIO NAVIGATION 
RADIAL STRESS RADIO OPERATORS 
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RAOTO PROXIMITY FUZES 
RAOIO RANGES 

RADIO RECEIVERS 

RAOIO RECEPTION 

RAOIO RELAY STATIONS 

RADIO RELAY SYSTEMS 

RAOIO REPEATERS 

RAOIO SCANNING 

RADIO SIGNALS 

RAOIO SOURCES ( ASTRONOMY ) 
RADIO STATIONS 

RADIO TELEMETRY 

RAOIO TELESCOPES 

RADIO TOWERS 

RAOIO TRANSMISSION 

RADIO TRANSMITTERS 

RAOIO WAVES 
RADIOACTIVATION ANALYSIS 
RADIOACTIVE CONTAMINATION 
RADIOACTIVE OECAY 
RADICACTIVE ISOTOPES 
RAOIOACTIVE MATERIALS 
RADIOACTIVE SERIES 
RADIOACTIVE WASTES 
RADIOACTIVITY 

RAOIOBIOLOGY 

RAOIOCARBON OATING 
RAOIOCHEMISTRY 
RAOIOCHEMISTRY LABORATORIES 
RAOIOFREQUENCY 
RADIOFREQUENCY AMPLIFIERS 
RAOIOFREQUENCY CABLES 
RADIOFREQUENCY FILTERS 
RADIOFREQUENCY GENERATORS 
RADIOFREQUENCY INTERFERENCE 
RAOIOFREQUENCY LENSES 
RADIOFREQUENCY OSCILLATORS 
RADIOFREQUENCY POWER 
RADIOFREQUENCY PULSES 
RADIOFREQUENCY SPECTROSCOPY 
RADIOGRAPHIC FILM 
RADIOGRAPHY 

RADIO IMMUNITY 
RADIOIMMUNOASSAY 
RADIOISOTOPE BATTERIES 
RADIOISOTOPE THERMOELECTRIC OEVICES 
RADIOLARIA 

RADIOLOGICAL ARMOR 
RADIOLOGICAL LABORATORIES 
RADIOLOGICAL WARFARE 
RADIOLOGICAL WARFARE AGENTS 
RADIOLOGY 
RADIOLUMINESCENCE 
RADIOLYSIS 

RADIOMETERS 

RADIOMETRY 

RAD IOPHARMACEUTICALS 
RADIOPROTECTIVE AGENTS 
RADIOSONOES 
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RAOIOSTERILIZATION 
RAOIOTELEPHONES 
RAOIOTHERAPY 

RADIUM 

RAOIUM COMPOUNOS 
RADIUS (MEASURE ) 
RADOMES 

RADON 

RAIOS 

RAIL TRANSPORTATION 
RAILROAO CARS 
RAILROAD TIES 
RAILROAD TRACKS 
RAILROAD TUNNELS 
RAILROADS 

RAILS 

RAIN 

RAIN EROSION 

RAIN GAGES 

RAINOROPS 

RAINFALL 

RAINFALL INTENSITY 
RAKE ANGLES 

RAMAN SPECTRA 

RAMAN SPECTROSCOPY 
RAMBURNERS 

RAMJET ENGINE NOZZLES 
RAMJET ENGINES 

RAMJET INLETS 

RAMJET TEST VEHICLES 
RAMPS 

RANDOM ACCESS COMPUTER STORAGE 
RANDOM NUMBER GENERATORS 
RANDOM VARIABLES 
RANDOM VIBRATION 
RANGE FINOING 

RANGE GATING 

RANGE SAFETY 

RANGE TABLES 

RANGES (FACILITIES) 
RANGE ( DISTANCE ) 
RANGE ( EXTREMES) 

RANK OROER STATISTICS 
RANKINE CYCLE 

RANKING 

RAPIO OEPLOYMENT 
RAPIO EXCAVATION 
RAPIO EYE MOVEMENT IN SLEEP 
RARE EARTH ALLOYS 
RARE EARTH COMPOUNDS 
RARE EARTH ELEMENTS 
RARE GASES 
RAREF ACT ION 

RAREFIEO ATMOSPHERES 
RAREFIEO GAS OYNAMICS 
RAREFIEO GASES 
RASTERS 

RATE OF CLIME INOICATORS 
RATE OF OESCENT INDICATORS 


гаж ын 


RATES 

RATINGS 

RATIONAL FUNCTIONS 
RATIONAL NUMBERS 
RATIONS 

RATIOS 

RATS 

RATTLESNAKES 
RAUWOLFIA ALKALOIOS 
RAY TRACING 
RAYLEIGH SCATTERING 
RAYLEIGH WAVES 
RAYON 

ROX 

REACTANCE 
REACTANTS ( CHEMISTRY ) 
REACTION CONTROL SYSTEMS 
REACTION KINETICS 
REACTION TIME 
REACTION( PSYCHOLOGY ) 
REACTIVE GASES 
REACTIVITIES 
REACTOR ACCIDENTS 
REACTOR CONTROL 
REACTOR CDDLANTS 
REACTOR CORES 
REACTOR CRITICALITY 


REACTOR FEASIBILITY STUDIES 


REACTOR FUEL CLADDING 
REACTOR FUEL ELEMENTS 
REACTOR FUEL ENRICHMENT 
REACTOR FUEL PLATES 
REACTOR FUEL PROCESSING 
REACTOR FIJEL RODS 
REACTOR FUELS 

REACTOR HAZARDS 

REACTOR INSPECTION 
REACTOR KINETICS 
REACTOR LATTICE PARAMETERS 
REACTOR MATERIALS 
REACTOR MODERATORS 
REACTOR OPERATION 
REACTOR POISONS 

REACTOR POWER DENSITY 
REACTOR REACTIVITY 
REACTOR REFLECTORS 
REACTOR SAFETY FUZES 
REACTOR SAFETY SYSTEMS 


REACTOR SHIELO:NG CALCULATIONS 
REACTOR SHIELDING MATERIALS 


REACTOR SHUTDOWN 

REACTOR START UP SOURCES 
REACTOR SYSTEM COMPONENTS 
REACTOR THEORY 

READ ONLY MEMORIES 

READ OUT TECHNIQUES 

READ WRITE MEMORIES 
READING 

READING MACHINES 


UNCLASSIFIED 
OTIC POSTING TERMS 


REAL NUMBERS 

REAL TIME 

REAL VARIABLES 
REAMERS 

REASONING 

RECALL 

RECEIVERS 
RECEPTION 
RECIPROCATING ENGINES 
RECIPROCATING PUMPS 
RECIRCULATION 
RECLAMATION 
RECOGNITION 

RECOIL 

RECOIL ATOMS 
RECOIL MECHANISMS 
RECOIL PARTICLES 
RECOILLESS GUNS 


RECOMBINATION RAMJET ENGINES 


RECOMBINATION REACTIONS 
RECONNAISSANCE 
RECONNAISSANCE AIRCRAFT 
RECONNAISSANCE CAMERAS 
RECONNAISSANCE FILM 
RECONNAISSANCE MISSILES 
RECONNATSSANCE SATELLITES 
RECORDING PAPER 
RECORDING SYST.«S 
RECORDS 

RECORDS MANAGEMENT 
RECOVERABLE BOOSTER MOTORS 
RECOVERABLE SPACECRAFT 
RECOVERY 

RECOVERY VEHICLES 
RECREATION 

RECRUITERS 

RECRUITING 

RECRUITS 
RECRYSTALLIZATION 
RECTANGULAR BOOTIES 
RECTIFIERS 

PECTUM 

RECURSIVE FILTERS 
RECURSIVE FUNCTIONS 
RECYCLEO MATERIALS 

REO SEA 

REDUCTION 

REDUCTION GEARS 
REDUCTION OF AREA 
REDUCT ION ( CHEMISTRY ) 
REDUNDANCY 

REDUNDANT COMPONENTS 
RED(COLOR) 

REED VALVES 

REEFS 

REELS 

REENLISTMENT 

REENTRANT ELECTRONICS 
REENTRY VEHICLES 


84 
UNCLASSIFIEO 


UNCLASSIFIED 
DTIC POSTING TERMS 


REFINERIES RELIEF VALVES 
REFINING RELIGION 
REFLECTANCE RELOCATION 
REFLECTION REMOTE AREAS 
REFLECTIVITY REMOTE CONTROL 
REFLECTOMETERS REMOTE DETECTORS 
REFLECTORS REMOTE SYSTEMS 
REFLECTOSCOPES REMOTE TERMINALS 
REFLEX COLLIMATORS REMOTELY PILOTED VEHICLES 
REFLEX KLYSTRONS REMOVAL 
REFLEX SIGHTS RENDEZVOUS GUIDANCE 
REFLEXES RENDEZVOUS SPACECRAFT 
REFORESTATION RENDEZVOUS TRAJECTORIES 
REFRACTION RENIN 
REFRACTIVE INDEX RENTAL EQUIPMENT 
REFRACTOMETERS REDVIRUSES 
REFRACTORY COATINGS REPAIR 
REFRACTORY MATERIALS REPAIR SHOPS 
REFRACTORY METAL ALLOYS REPEATER JAMMERS 
REFRACTORY METALS REPEATERS 
REFRIGERANT CDMPRESSORS REPELLENTS 
REFRIGERANT CDNDENSERS REPELLERS 
REFRIGERANTS REPETITION RATE 
REFRIGERATION SYSTEMS REPLACEMENT 
REFUELING REPLACEMENT THEORY 
REFUELING IN FLZGHT REPLENISHMENT 
REFUELING PUMPS REPLENISHMENT AT SEA 
REFUGEES REPLICAS 
REFUSE COLLECTION REPORTS 
REGENERATION( ELECTRONICS ) REPRINTS 
REGENERAT ION( ENGINEERING) REPRODUCIBILITY 
REGENERATION ( PHYSIOLOGY) REPRODUCTIDN 
REGENERATIVE COOLING REPRODUCTION(COPYING) 
REGGE POLES REPRODUCTION( PHYSIOLOGY ) 
REGIMENT LEVEL ORGANIZATIONS REPRODUCTIVE SYSTEM 
REGIONS REPTILES 
REGISTERS( CIRCUITS ) REQUIREMENTS 
REGOLITH RESCUE BEACONS 
REGRESSION ANALYSIS RESCUE EQUIPMENT 
REGULATIONS RESCUE VEHICLES 
REGULATORS RESCUES 
REHABILITATION RESEARCH AIRCRAFT 
REINFORCED CONCRETE RESEARCH FACILITIES 
REINFORCED PLASTICS RESEARCH MANAGEMENT 
RE INFORCEMENT ( STRUCTURES ) RESEARCH REACTORS 
REINFORCING MATERIALS RESEARCH SHIPS 
REJECTION RESERPINE 
REJUVENATION RESERVE BATTERIES 
RELAPSING FEVER RESERVE EQUIPMENT 
RELATIVITY THEORY RESERVE OFFICER TRAINING CORPS 
RE! AXATION RESERVE S (ENERGY ) 
RELAXATION OSCILLATORS RESERVOIRS 
RELAXATION TIME RESIDENTIAL SECTION 
RELAXATION(PHY 310LOGY ) RESIDUAL STRESS 
RELAYS RESIDUALS 
RELEASE RESIDUES 
RELEASE MECHANISMS RESILIENCE 
RELIABILITY RESINTERING 
RELIABILITY(ELECTRONICS ) RESISTANCE 
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UNCLASSIFIED 


UNCLASSIFIED 


DTIC POSTING TERMS 


RESISTANCE THERMOMETERS 
RESISTANCE WELDING 
RESISTANCE (BIOLOGY ) 
RESISTORJET ENGINES 
RESISTORS 

RESMETHRIN 

RESNATRONS 

RESOLUTION 

RESONANCE 

RESONANCE ABSORPTION 
RESONANCE ESCAPE PROBASILITY 
RESONANCE RADIATION 
RESONANCE SCATTERING 
RESONANT FREQUENCY 
RESONATORS 

RESORCINOL 

RESOURCE MANAGEMENT 
RESOURCES 

RESPIRATION 

RESPIRATORS 

RESPIRATORY DISEASES 
RESPIRATORY SYSTEM 
RESPONSE 

RESPONSE (BIOLOGY ) 

REST 

RESTRAINT 

RESUSCITATION 

RETAIL 

RETARDATION 

RETARDING FIELD OSCILLATORS 
RETENTION( GENERAL ) 
КЕТЕМТ ТОМ ( PSYCHOLOGY ) 
RETICLES 

RETICULAR FORMATION 
RETICULOCYTOSIS 
RETICULOENDOTHELIAL SYSTEM 
RETINA 

RETIREMENT 
RETIREMENT ( PERSONNEL ) 
RETRACTABLE 

RE! RAINING 
RETRANSMISSION 

RETRO ROCKETS 
RETRODIRECTIVE STEERING 
RETROFITTING 
RETROREFLECTORS 
REUSABLE EQUIPMENT 
REVENUE SHARING 
REVERBERAT ION 

REVERSE OSMOSIS 

REVERSE VELOCITY ROTORS 
REVERSIBLE 

REVETMENTS 

REYNOLDS NUMBER 

RH INCOMPATIBILITY 
RHENIUM 

RHENIUM ALLOYS 

RHENIUM COMPOUNDS 
RHEOLOGY 


UNCLASSIFIED 


RHEOMETERS 
RHEOPNEUMOGRAMS 
RHESUS MONKEYS 
RHEUMATIC DISEASES 
RHINOLOGY 
RHINOVIRUSES 
RHIZOPOOA 

RHOOE ISLANO 
RHOOESIA 

RHOOIUM 

RHODIUM ALLOYS 
RHODIUM COMPOUNOS 
RHOMBUS 

RIBBON PARACHUTES 
RIBONUCLEASE 
RIBONUCLEIC ACIOS 
RIBONUCLEOTIDES 
RIBOSE 

RIBOSOMES 

RIBS 

RICCATI EQUATION 
RICE PADDIES 

RICIN 

RICKETTSIA 
RICKETTSIA AKARI 
RICKETTSIA PROWAZEKII 
RICKETTSIA RICKETTSII 
RICKETTSIA TSUTSUGAMUSHI 
RICKETTSIA TYPHI 
RICKETTSIACEAE 
RICKETTSIAL ANTIBODIES 
RICKETTSIALES 
RICOCHET 

RIDE QUALITY 

RIDGES 

RIFLE GRENADE LAUNCHERS 
RIFLES 

RIFLING 

RIFT VALLEY FEVER 
RIFT VALLEY FEVER VIRUS 
RIGGING 

RIGHT ANGLES 

RIGIDITY 

RINOERPEST VIRUS 
RING LASERS 

RING STIFFENED CYLINGERS 
RING WINGS 

RINGS 

RINGS (MATHEMATICS ) 
RIOMETERS 

RIOT CONTROL 

RIOT CONTROL AGENTS 
RIPCORDS 

RIPPLES 

RISK 

RIVER CURRENTS 
RIVERINE WARFARE 
RIVERS 

RIVETED JOINTS 


UNCLASSIFIEO 


OTIC POSTING TERMS 


RIVETING HAMMERS 
RIVETS 

ROAD BUILOING EQUIPMENT 
ROAD TESTS 

ROADS 

ROAOWHEELS 

ROBOTICS 

ROBOTS 

ROCK 

ROCK DRILLING 

ROCK FORMING MINERALS 
ROCK MECHANICS 

ROCK SALT 

ROCKET AIRCRAFT 
ROCKET ANTENNAS 
ROCKET ASSISTED PROJECTILES 
ROCKET CLOSURE CUPS 
ROCKET COMPONENTS 
ROCKET ENGINE CASES 
ROCKET ENGINE NOISE 
ROCKET ENGINES 
ROCKET EXHAUST 
ROCKET FLARES 
ROCKET FUELS 

ROCKET FUZES 

ROCKET IGMITERS 
ROCKET LABORATORIES 
ROCKET LAUNCHERS 
ROCKET LAUNCHING 
ROCKET MODELS 
ROCKET NOSES 

ROCKET NOZZLES 
ROCKET PROPELLANT GRAINS 
ROCKET PROPELLANTS 
ROCKET PROPULSION 
ROCKET RAMJETS 
ROCKET RESEARCH 
ROCKET SIGHTS 
ROCKET SLEOS 

ROCKET TARGETS 
ROCKET TRAJECTORIES 
ROCKET WARHEADS 
ROCKET BORNE 

ROCKETS 

RODENT CONTROL 
RODENT ICI DES 
RODENTS 

RODMETERS 

RODS 
ROLES ( BEHAVIOR) 
ROLL 

ROLL BONDING 

ROLLER BEARINGS 
ROLLERS 

ROLLING MILLS 
ROLLING (METALLURGY ) 
ROOFS 

ROOM TEMPERATURE 
ROOT CANAL 
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ROPE 
ROSETTE SCAN 
ROSIN 
ROSS SEA 
ROSSBY WAVES 
ROTARY COMBUSTION ENG"NES 

ROTARY COMPRESSORS 

ROTARY INVERTERS 

ROTARY PUMPS 

ROTARY SEALS 

ROTARY SWITCHES 

ROTARY VALVES 

ROTARY WING AIRCRAFT 

ROTARY WINGS 

ROTATING ANTENNAS 

ROTATING BANDS 

ROTATING DRUM CAMERAS 

ROTATING MIRROR CAMERAS 

ROTATING PRISM CAMERAS 

ROTATZON 

ROTATION(CHEMICAL BONDS) 
ROTODOMES 

ROTONS 

ROTOR BLADES 

ROTOR BLADES(ROTARY WINGS) 

ROTOR BLADES (TURBOMACHINERY ) 
ROTORCHUTES 

ROTORS 

ROUGHNESS 

ROUNDS COUNTERS 

ROUT ING 

RUBBER 

RUBBER ADHESIVES 

RUBBER BOATS 

RUBBER COATINGS 

RUBBER FIBERS 

RUBBER GASKETS 

RUBBER GLOVES 

RUBBER SEALS 

RUBELLA 

RUBIDIUM 

RUBIDIUM COMPOUNDS 

RUBRENES 

RUBY 

RUBY LASERS 

RUDDERS 

RUGGEDIZED EQUIPMENT 

RUMANIA 

RUNGE KUTTA METHOD 

RUNOFF 

RUNNAYS 

RUPTURE 

RURAL AREAS 

RUSSIAN LANGUAGE 

RUSSIAN SPRING SUMMER ENCEPHALITIS VI 
RUSTS ( FUNGI ) 
RUST (ОХТОАТТОМ ) 
RUTHENATES 
RUTHENIUM 


UNCLASSIFIEO 


DTIC POSTING TERMS 


RUTHENIUM ALLOYS 
RUTHENIUM COMPOUNOS 
RUTILE 

RYUKYU ISLANOS 

$ BANO 

S MATRIX 

SABOT PROJECTILES 
SABOTAGE 

SACCHARIOASES 
SACCHARIOE PHOSPHATES 
SACCHAROMYCETES 

SAFETY 

SAFETY BELTS 

SAFETY EQUIPMENT 
SAFETY FUSE 

SAFETY VALVES 

SAFING AND ARMING(ORDNANCE ) 
SAHARAN AFRICA 
SAILWINGS 

SAINT LAWRENCE SEAWAY 
SAINT LOUIS ENCEPHALITIS VIRUS 
SAINT LOUIS( MISSOURI ) 
SALADS 

SALARIES 

SALICYLATES 

SALICYLIC ACIDS 

SALINE SOLUTION 
SALINITY 

SALINOME TERS 

SALIVA 

SALIVARY GLANDS 
SALMONELLA 

SALMONELLA ENTERITIOIS 
SALMONELLA PARATYPHI 
SALMONELLA TYPHIMURIUM 
SALMONELLA TYPHOSA 
SALMONELLOSIS 

SALT SPRAY TESTS 

SALT WATER 

SALTS 

SALVAGE 

SALVOS 

SAMARIUM 

SAMARIUM COMPOUNDS 
SAMARIUM INTERMETALLICS 
SAMP ANS 

SAMPLERS 

SAMPLING 

SAN DIEGO BAY 

SAN FRANCISCO BAY 
SANO 

SAND CASTING 

ЗАМО FLEAS 

SANDBAGS 

SANOBARS 

SANOFLY FEVER VIRUS INFECTION 
SANDS TONE 

SANDWICH CONSTRUCTION 
SANOWICH PANELS 
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SANITARY ENGINEERING 
SANITATION 

SANTA BARBARA ISLANOS 
SAPONIFICATION NUMBER 
SAPPHIRE 

SARCINA 

SARCINA LUTEA 
SARCOMA 

SARCOMA VIRUS 
SAROINIA 

SARGASSO SEA 
SASKATCHEWAN 
SATELLITE ANTENNAS 
SATELLITE ATTITUDE 
SATELLITE COMMUNICATIONS 
SATELLITE NETWORKS 
SATELLITE TRACKING SYSTEMS 
SATURABLE REACTORS 
SATURATION 
SATURATION DIVING 
SATURN (PLANET) 

SAUDI ARABIA 
SAUERKRAUT 

SAUSAGE 

SAVINGS 

SAW BLADES 

SAWDUST 

SAWS 

SAWTOOTH WAVEFORMS 
SCALAR FUNCTIONS 
SCALE 

SCALE MODELS 

SCALERS 

SCALING FACTORS 
SCANDIUM 

SCANDIUM COMPOUNDS 
SCANNERS 

SCANNING 

SCANNING SONAR 
SCARLET FEVER 

SCARS 

SCATTERING 
SCATTERING CROSS SECTIONS 
SCATTEROMETERS 
SCENARIOS 

SCHALKWIUK CODING 
SCHEDULING 

SCHEMATIC OIAGRAMS 
SCHIST 

SCHISTOSOMA 
SCHISTOSOMA JAPONI CUM 
SCHISTOSOMA MANSONI 
SCHISTOSOMIASIS 

SCHI ZOGONY 
SCHIZOPHRENIA 
SCHLIEREN Р!:ОТООДАРНҮ 
SCHOENEMANN REACTIONS 
SCHOOLS 

SCHOTTKY BARRIER OEVICES 


UNCLASSIFIED 


OTIC POSTING TERMS 


SCHRODINGER EQUATION 
SCIATIC NERVE 

SCIENCE FAIRS 
SCIENTIFIC EXPEOITIONS 
SCIENTIFIC LITERATURE 
SCIENTIFIC ORGANIZATIONS 
SCIENTIFIC SATELLITES 
SCIENTISTS 
SCINTILLATION 
SCINTILLATION COUNTERS 
SCLEROTINIA 

SCOOPS 

SCOPOLAMINE 

SCORING 

SCOTLANO 

SCOUT CARS 

SCRAPERS 

SCRATCHPAD MEMORIES 
SCREAMING COMBUSTION 
SCREENS (DISPLAYS) 
SCREENS(WOVEN MATERIALS) 
SCREW THREADS 
SCREWORI VERS 

SCREWS 

SCROTUM 

SCRUBBERS 

SCUBA APPARATUS 

SCUBA DIVERS 

SCUBA DIVING 

SEA BASED 

SEA BASED BALLISTIC MISSILE INTERCEPT 
SEA BREEZE 

SEA CLUTTER 

SEA CONTROL SHIPS 

SEA ICE 

SEA LAUNCHED 

SEA LEVEL 

SEA RESCUE EQUIPMENT 
SEA RESCUES 

SEA STATES 

SEA TESTING 

SEA URCHINS 

SEA WATER 

SEA WATER BATTERIES 
SEA WATER CORROSION 
SEABEES 

SEAFLOOR SPREADING 
SEAF OOO 

SEAKEEPING 

SEAL<D SYSTEMS 
SEALING COMPOUNDS 
SEALS(MAKMALS ) 

SEALS( STOPPERS ) 

SEAM WELDING 
SEAMOUNTS 

SEAPLANE FLOATS 
SEAPLANES 

SEARCH AND RESCUE 
SEARCH RADAR 
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SEARCH SONAR 

SEARCHING 

SEARCHLIGHTS 

SEASONAL VARIATIONS 
SEASONS 

SEATS 

SEAWORTHINESS 

SEBACIC ACID 

SECOND STAGE ENGINES 
SECOND STRIKE CAPABILITY 
SECONDARY 

SECONDARY EMISSION 
SECONDARY FLOW 
SECONDARY INJECTION 
SECONDARY WAVES 
SECRETION 

SECURE COMMUNICATIONS 
SECURITY 

SECURITY PERSONNEL 
SEDATION 

SEDIMENT TRANSPORT 
SEDIMENTARY RDCK 
SEDIMENTATION 
SEDIMENTOLOGY 
SEDIMENTS 

SEEBECK EFFECT 

SEEDING 

SEEDS 

SEEPAGE 

SEGMENTED 

SEGMENTED ROCKET ENGINES 
SEGREGAT ION ( METALLURGY ) 
SEGREGAT ION ( SOCIOLOGY ) 
SEISMIC ARRAYS 

SEISMIC DATA 

SEISMIC DETECTION 
SEISMIC REFLECTION 
SEISMIC SIGNATURES 
SEISMIC WAVES 
SEISMOGRAPHS 
SEXYSMOLOGICAL STATIONS 
SEISMOLOGY 
SEISMOMETERS 

SELECTICN 

SELECTION RULES ( PHYSICS) 
SELENIOES 

SELENIOUS ACIDS 
SELENIUM 

SELENIUM ALLOYS 

$” .ENIUM COMPOUNDS 
SELF CONTAINED 

SELF DESTROYING FUZES 
SELF DESTRUCT DEVICES 
SELF LUBRICATION 

SELF NOISE 

SELF OPERATION 

SELF ORGANIZING SYSTEMS 
SELF PROPELLED 

SELF PROPELLED GUNS 


SELF SEALING COUPLINGS 
SELF SEALING FUEI. LINES 
SELF SEALING FUEL TANKS 
SELF SUPPDRTING STRUCTURES 
SELF TREATMENT 

SELVAGE 

SEMANTICS 

SEMIACTIVE GUIDANCE 
SEMIACTIVE SYSTEMS 
SEMIAUTOMATIC 
SEMIAUTDMATIC WEAPONS 
SEMICIRCULAR CANALS 
SEMICONDUCTING FILMS 
SEMICONDUCTCR DEVICES 
SEMICONDUCTOR DIDDES 
SEMICONDUCTOR JUNCTIONS 
SEMICDNDUCTDR LASERS 
SEMICDNDUCTDRS 
SEMIMARKOV PRDCESSES 
SEMIPERMEABILITY 
SEMIPORTABLE EQUIPMENT 
SEMIRIGID 

SEMISKILLED PERSONNEL 
SEMISUBMERGED 
SEMITRAILERS 
SEMITRANSPARENCE 
SEMLIKI VIRUS 

SENATE 

SENDAI VIRUS 

SENSE DRGANS 
SENSES ( PHYS IOLOGY ) 
SENSITIVITY 
SENSITIZING 
SENSITOMETERS 

SENSORY DEPRIVATION 
SEPARATION 

SEPARATORS 

SEPTIC TANKS 
SEPTICEMIA 

SEQUENCE SWITCHES 
SEQUENCES 

SEQUENCES (MATHEMATICS ) 
SEQUENTIAL ANALYSIS 
SEQUENTIAL PHOTOGRAPHY 
SERIAL PRDCESSDRS 
SERIES(MATHEMATICS) 
SERINE 

SERDDIAGNOSIS 

SEROLOGY 

SEROTONIN 

SERRATIA 

SERRATIA MARCESCENS 
SERUM ALBUMIN 

SERUM GLOBULIN 

SERUM HEPATITIS 

SERUM PROTEINS 

SERUM TRIGLYCERIDES 
SERVOAMPLIFIERS 
SERVDMECHANISMS 


UNCLASSIFIED 
DTIC POSTING TERMS 
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UNCLASSIFIED 


SERVOMDTDRS 
SERVOVALVES 

SET THEORY 
SETBACK(FUZES) 
SETTING( ADJUSTING) 
SEWAGE 

SEWAGE DISPDSAL 
SEWAGE TREATMENT 
SEWERS 

SEX 

SEX GLANDS 

SEX HORMONES 

SEXTANTS 

SEXUAL HARASSMENT 
SHADOW MASK TUBES 
SHADOWS 

SHAFT COUPLINGS 

SHAFTS (MACHINE ELEMENTS) 
SHAKING 

SHALE 

SHALLOW DEPTH 

SHALLOW WATER 

SHAPE 

SHAPED CHARGE JETS 
SHAPED CHARGE WARHEADS 
SHAPED CHARGES 
SHARING 

SHARKS 

SHARP BODIES 
SHARPENERS 

SHARPNESS 

SHEAR PRDPERTIES 
SHEAR STRENGTH 

SHEAR STRESSES 

SHEAR TESTS 
SHEATHS ( ANATOMY ) 
SHEAVES ( DRIVES ) 

SHEEP 

SHEET EXPLOSIVES 
SHEETS 

SHELF LIFE 

SHELLFISH 

SHELLS (STRUCTURAL FORMS ) 
SHELTER RATIONS 
SHELTERS 

SHIELDING 

SHIFT REGISTERS 
SHIFTING 

SHIFTING EQUILIBRIUM FLOW 
SHIGELLA 

SHIGELLA BDYDII 
SHIGELLA DYSENTERIAE 
SHIGELLA FLEXNERI 
SHIGELLA PARADYSENTERIAE 
SHIGELLA SONNET 
SHIGELLOSIS 

SHIP ANTENNAS 

SHIP AUXILIARY EQUIPMENT 
SHIP BDWS 


UNCLASSIFIED 
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SHIP BRIDGES 

SHIP CONVDYS 

SHIP DECKS 

SHIP DEFENSE SYSTEMS 
SHIP FIRES 

SHIP HULLS 

SHIP KEELS 

SHIP LAUNCHED 

SHIP MASTS 

SHIP MODELS 

SHIP MOTIDN 

SHIP NOISE 

SHIP PERSONNEL 

SHIP PLATES 

SHIP SIGNATURES 
SHIP STERNS 

SHIP STRUCTURAL COMPONENTS 
SHIP TELEPHONE SYSTEMS 
SHIP TO AIR 

SHIP TD SHIP 

SHIP TO SHORE 

SHIP TURBINES 
SHIPBOARD 
SHIPBDARD SEWAGE TREATMENT SYSTEMS 
SHIPBUILDING 
SHIPPING 

SHIPPING CONTAINERS 
SHIPS 

SHIPWORMS 
SHIPYARDS 

SHIRTS 

SHIVERING 

SHOCK 

SHOCK ABSDRBERS 
SHOCK MITIGATION 
SHOCK RESISTANCE 
SHOCK SPECTRA 
SHOCK TESTS 

SHOCK THERAPY 
SHOCK TUBES 

SHOCK TUNNELS 
SHOCK WAVES 

SHOCK (MECHANICS ) 
SHOCK ( PATHOLOGY ) 
SHOES 

SHOPS (WORK AREAS) 


SHORT CIRCUITS 

SHORT PULSES 

SHORT RANGE (DISTANCE ) 
SHORT RANGE (TIME) 
SHORT TAKEOFF AIRCRAFT 
SHORTAGES 

SHOT NOISE 

SHOT PEENING 
SHOTCRETE 

SHOTGUNS 


91 
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SHOULDER LAUNCHED WEAPONS 
SHOULDERS ( ANATOMY ) 
SHOULDERS ( PAVEMENTS ) 
SHOVELS 

SHOWER FACILITIES 
SHREDDING 

SHRIMP 

SHRINKAGE 

SHRDUD RINGS 

SHROUDED PRDPELLERS 
SHRUBS 

SHUNTS 

SHUTDOWNS 

SHUTTERS (DPTICS) 
SIALIC ACIDS 

SIBERIA 

SICILY 

SICKLE CELL ANEMIA 
SICKLE CELLS 

SIDE LDOKING DETECTORS 
SIDE LODKING RADAR 
SIDE LOOKING SONAR 
SIDE REACTIONS 
SIDEBANDS 

SIDELDBES 

SIDES 

SIDESLIP 

SIGHTS 

SIGMA HYPERDNS 

SIGNAL GENERATION 
SIGNAL GENERATORS 
SIGNAL LIGHTS 

SIGNAL PROCESSING 
SIGNAL TD NOISE RATID 
SIGNALS 

SIGNATURES 

SIGNS AND SYMPTOMS 
SILANES 

SILASTIC COMPOUNDS 
SILHOUETTES 

SILICA GEL 

SILICA GLASS 
SILICATES 

SILICIC ACIDS 
SILICIDES 

SILICON 

SILICON ALLDYS 
SILICON CARBIDES 
SILICON COATINGS 
SILICON COMPOUNDS 

SILICON CONTROLLED RECTIFIERS 
SILICON DIOXIDE 
SILICON NITRIDES 
SILICONE PLASTIC. 
SILICONES 
SILK 
SILOXANES 

SILT 

SILVER 


UNCLASSIFIED 
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SILVER ALLOYS 

SILVER CHLORIDE 

SILVER COMPOUNDS 

SILVER HALIDES 

SILVER IODIDE 

SILVER OXIDES 

SILVER SOLDERS 

SILVER ZINC BATTERI*S 

SIMPLE CUBIC LATTICES 

SIMPLEX METHOD 

SIMPLIFICATION 

SIMULATIDN 

SIMULATION LANGUAGES 

SIMULATDRS 

SIMULTANEOUS EQUATIONS 

SINAI 

SINDBIS VIRUS 

SINE WAVES 

SINGAPORE 

SINGLE CRYSTALS 

SINGLE SIDEBAND COMMUNICATIONS 

SINKING 

SINTERING 

SINTERING FURNACES 

SIPHONAPTERA 

SITE SELECTION 

SITES 

SIZES(DIMENSIDNS) 

SKAGERRAK 

SKELETAL MUSCLE RELAXANTS 

SKELETDN 

SKEWNESS 

SKIDDING 

SKIDS 

SKIING 

SKILLS 

SKIN DISEASES 

SKIN FRICTIDN 

SKIN GRAFTS 

SKIN TESTS 

SKIN( ANATDMY ) 

SKIN( GENERAL ) 

SKIN( STRUCTURAL ) 

SKIP BOMBING 

SKIP SPIN RADAR 

SKIRTS 

SKIS 

SKULL 

SKY 

SKY BRIGHTNESS 

SKY WAVES 

SLAGS 

SLAMMING 

SLANT RANGE 

SLEDS 

SLEEP 

SLEEP DEPRIVATIDN 

SLEEPING BAGS 

SLEEVE VALVES 
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SLEEVES 

SLENDER BODIES 
SLEWING 

SLIDING 

SLIDING CONTACTS 
SLIDING FRICTION 
SLIME 

SLINGS 

SLIP CASTING 

SLIP FLOW 

SLIP RINGS 
SLIPSTREAM 

SLDPE 

SLOSHING 

SLOT ANTENNAS 

SLOT LINES 

SLOTS 

SLOTTED FLAPS 

SLOW SCAN TELEVISION 
5104 WAVE CIRCUITS 
SLUDGE 

SLURRIES 

SLURRY COATING 
SLURRY EXPLOSIVES 
SLURRY FUELS 

SMALL ARMS 

SMALL ARMS AMMUNITION 
SMALL INTESTINE 
SMALL SHIPS 

SMALL TDOLS 

SMELL 

SMELTING 

SMOG 

SMDKE 

SMOKE ABATEMENT 
SMOKE BOMBS 

SMDKE GENERATORS 
SMDKE MUNITIONS 
SMDKE PROJECTILES 
SMDKE SCREENS 
SMDKE STACKS 
SMDKELESS PRDPELLANTS 
SMUGGL ING 

SMUTS (FUNGI ) 
SNAILS 

SNAKES 

SNELLS LAW 

SNIPERS 
SNIPERSCOPES 
SNORKELS 

SNOW 

SNDW COVER 

SNDW REMOVAL 

SNOW VEHICLES 
SNOWDRIFTS 
SNOWFIELDS 
SNOWSHOES 

SNUBBERS 
SOAPS 


2 


ге 


SOCIAL COMMUNICATION 
SOCIAL DEPRIVATION 
SOCIAL PSYCHOLOGY 
SOCIAL SCIENCES 
SOCIAL SECURITY 
SOCIAL WELFARE 
SOCIALISM 

SOCIETIES 

SDCIOLOGY 
SOCIOMETRICS 

SOCKS 

SODIUM 

SOOIUM ALLDYS 
SODIUM AZIDES 
SODIUM BOROHYDRIOES 
SODIUM CARBONATES 
SODIUM CEPHALOTHIN 
SDDIUM CHLDRIDE 
SODIUM COLISTIMETHATE 
SODIUM COMPOUNDS 
SDOIUM GRAPHITE REACTOKS 
SODIUM HYDRDXIDE 
SODIUM NITRATES 
SDDIUM NITRITE 
SODIUM PALMITATE 
SODIUM SILICATES 
SODIUM SULFATES 
SOFT LANDINGS 

SOFT TISSUES 

SOFT X RAYS 
SOFTENING 

SOFTENING PDINTS 
SOIL CLASSIFICATION 
SOIL CONSERVATION 
SOIL DYNAMICS 

SDIL ERDSIDN 

SOIL MECHANICS 

SOIL MODELS 

SOIL RESISTANT PROPERTIES 
SDIL SCIENCE 

SOIL STABILIZATIDN 
SOIL SURVEYS 

SOIL TESTS 

SOILS 

SOLAR ACTIVITY 
SOLAR ATMOSPHERE 
SOLAR CELLS 

SOLAR COLLECTORS 
SOLAR CORONA 

SOLAR COSMIC RAYS 
SOLAR CYCLE 

SOLAR MISTURBANCES 
SOLAR ECLIPSES 
SOLAR ENERGY 

SOLAR FLARES 

SOLAR FURNACES 
SOLAR GENERATORS 
SOLAR HEATING 

SOLAR DBSERVATDRIES 


UNCLASSIFIEO 
DTIC POSTING TERMS 
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SOLAR ORBITS 
SOLAR PANELS 
SOLAR PHYSICS 
SOLAR RADIATION 
SOLAR RADIO MAPS 
SDLAR ROCKETS 
SOLAR SAILS 
SDL^R SATELLITES 
SOLAR SPECTRUM 
SOLAR STRUCTURE 
SOLAR SYSTEM 


SOLAR ULTRAVIDLET RADIATION 


SDLAR WIND 

SOLAR X RAYS 
SOLARIZATION 
SOLDERED JDINTS 
SDLDERING 

SOLDERING ALLDYS 
SOLDERING FLUXES 
SDLENOID VALVES 
SOLENOIDS 

SOLID BODIES 

SDLID ELECTROLYTES 
SOLID FILM LUBRICANTS 
SOLID FUELS 

SDLID JET ENGINE FUELS 
SOLID LUBRICANTS 
SOLID PHASES 


SOLID PRDPELLANT ROCKET ENGINES 


SOLID PROPELLANTS 
SOLID ROCKET FUELS 
SDLID RDCKET DXIDIZERS 


SDLID ROCKET PROPELLANT BINDERS 
SOLID ROCKET PROPELLANT PLASTICIZERS 


SOLID RDCKET PROPELLANTS 
SOLID SOLUTIDNS 

SOLID STATE CHEMISTRY 
SOLID STATE ELECTRONICS 
SDLID STATE LASERS 
SDLID STATE PHYSICS 
SOLID WASTES 
SDLIDIFICATION 
SOLIDIFIED GASES 

SOLIDS 

SOLIONS 

SOLUBILITY 

SOLUTES 

SOLUTION HEAT TREATMENT 
SOLUTIONS(GENERAL ) 
SOLUTIONS(MIXTURES) 
SOLVATES 

SOLVATION 

SOLVENT OYES 

SOLVENT EXTRACTION 
SOLVENTLESS VARNISHES 
SOLVENTS 

SDLVOLYSIS 

SDMALIA 

SONAR 


UNCLASSIFIEO 
OTIC POSTING TERMS 


SONAR ARRAYS SPACE BUOYS 
SONAR BEACONS SPACE CAPSULES 
SONAR DOMES SPACE CHARGE 
SONAR ECHOES SPACE COMMUNICATIONS 
SONAR EQUIPMENT SPACE CREWS 
SONAR INTERCEPTION SPACE DIVERSITY COMMUNICATIONS 
SONAR PERSONNEL SPACE ENVIRGNMENTS 
SONAR PROJECTORS SPACE EXPLORATION 
SONAR PULSES SPACE FLIGHT 
SONAR RECEIVERS SPACE HEATERS 
SONAR RECEPTION SPACE MAINTENANCE 
SONAR SIGNALS SPACE MISSIONS 
SONAR SNUND ANALYZERS SPACE NAVIGATION 
SONAR TARGETS SPACE OBJECTS 
SONAR TRANSDUCERS SPACE PERCEPTION 
SONIC BOOM SPACE PROBES 
SONIC CAMERAS SPACE PROPULSION 
SONIC OECOMPRESSION SPACE RATIONS 
SONIC FATIGUE SPACE SCIENCES 
SONOBUOYS SPACE SHUTTLES 
SOOT SPACE SIMULATION CHAMBERS 
SORGHUM SPACE STATIONS 
SORPTION SPACE SURVEILLANCE SYSTEMS 
SORTING SPACE SYSTEMS 
SORTING MACHINES SPACE TECHNOLOGY 
SOUNO SPACE TO SPACE 
SOUND ANALYZERS SPACE TO SURFACE 
SOUND GENERATORS SPACE TOOLS 
SOUNO MOTION PICTURE PROJECTORS SPACE TRANSPORTATION 
SOUNO PITCH SPACE TUGS 
SOUND POWEREO TELEPHONES SPACE WARFARE 
SOUNO PRESSURE SPACE WEAPONS 
SOUNO RANGING SPACEBORNE 
SOUNO REPRODUCTION SYSTEMS SPACECRAFT 
SOUNO TRANSMISSION SPACECRAFT ANTENNAS 
SOUNO WAVES SPACECRAFT CABINS 
SOUNOING SPACECRAFT CAMERAS 
SOUNDING ROCKETS SPACECRAFT COMPONENTS 
SOUNOS ( WATERWAYS ) SPACECRAFT DEBRIS 
SOUP SPACECRAFT DEFENSE SYSTEMS 
SOURCES SPACECRAFT DOCKING 
SOUTH AFRICA SPACECRAFT NUCLEAR PROPULSION 
SOUTH AMERICA SPACECRAFT SEATS 
SOUTH ASIA SPACED ARMOR 
SOUTH ATLANTIC OCEAN SPACERS 
SOUTH CAROLINA SPACE(ROOM) 
SOUTH CHINA SEA SPAIN 
SOUTH ОАКОТА SPALLATION 
SOUTH KOREA SPANISH LANGUAGE 
SOUTH PACIFIC OCEAN SPAR BUOYS 

5 SOUTH VIETNAM SPARE PARTS 
SOUTHEAST ASIA SPARK CHAMBERS 

А SOUTHERN HEMISPHERE SPARK GAPS 
SOUTHWEST ASIA SPARK IGNITION 
SOUTH( OIRECTION) SPARK IGNITION ENGINES 
SOY PROTEIN SPARK MACHINING 

| SOYBEANS SPARK PLUGS 
` x SPACE BASEO SPARK SHADOWGRAPH PHOTOGRAPHY 
SPACE BIOLOGY SPARKS 
94 
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SPARS SPIN STATES | 
SPARSE MATRIX SPINAL COLUMN | 
SPATIAL OISTRIBUTION SPINAL CORD | 
SPATIAL FILTERING SPINDLES j 
SPECIAL FUNCTIONS(MATHEMATICAL) SPINEL ; 
SPECIALISTS SPINNERS 
SPECIALIZATION SPINNING(INDUSTRIAL PROCESSES) | 
SPECIFIC GRAVITY SPINNING (MOTION) 
SPECIFIC HEAT SPINOOAL DECOMPOSITION | 
SPECIFIC IMPULSE SPINORS j 
SPECIFIC VOLUME SPIRAL ANTENNAS | 
SPECIFICATIONS SPIRILLACEAE | 
SPECTRA SPIRO COMPOUNOS 
SPECTRAL EMITTANCE SPIROCHAETA 1 
SPECTRAL ENERGY DISTRIBUTION SPIROCHAETACEAE 1 
SPECTRAL LINES SPIROCHAETALES ! 
SPECTROGRAPHIC CAMERAS SPIROMETRY | 
SPECTROGRAPHS SPLASH ! 
| SPECTROGRAPHY SPLEEN 
SPECTROHELIOGRAPHS SPLENOMEGALY [ 
1 SPECTROMETERS SPLICES | 
| SPECTROMETRY SPLICING TOOLS | 
SPECTROPHONES SPLINES 
| SPECTROPHOTOMETERS SPLINES (GEOMETRY ) 1 
SPECTROPHOTOMETRY SPLIT FLAPS 1 
78 SPECTRORADIOMETERS SPLITTING | 
a SPECTROSCOPY SPODUMENE 
| SPECTRUM ANALYSIS SPOIL | 
и. | SPECTRUM ANALYZERS SPOILERS 1 
4 SPECTRUM SIGNATURES SPONGES | 
1 SPECULAR REFLECTION SPONTANEOUS COMBUSTION | 
3 SPEECH SPORES 1 
0 й SPEECH ANALYSIS SPORONTOCI OES ! 
SPEECH ARTICULATION SPOROZOA 
j SPEECH COMPRESSION SPOROZOITES 
у SPEECH RECOGNITION SPORULATION 
: SPEECH REPRESENTATION SPOT TESTS 
= SPEECH SCRAMBLING SPOT WELDING 
: ЗРЕЕСН ТНЕВАРҮ SPOT WELDS 
E | SPEECH TRANSMISSION SPOTTING CHARGES 
Ж SPEEO REGULATORS SPOTTING RIFLES 
| | SPERMATOGENESIS SPOTTING ROUNDS 
| SPHERES SPRAY GUNS 
| SPHERICAL ASTRONOMY SPRAY NOZZLES 
Ж i SPHERICAL WAVES SPRAY TANKS 
Ж SPHEROMETERS SPRAYERS 
Ж SPHERULITES SPRAYS 
2 | SPIOERS SPREAD SPECTRUM 
| SPIKES SPRING SEASON 
| SPILLING SPRINGS 
SPILLWAYS SPRINKLERS 
DENT SPIN DOWN 5РАОСКЕТ5 
2 ! SPIN FLIP LASERS SPURIOUS EFFECTS 
SPIN RECOVERY PARACHUTES SPUTTERING 
р | SPIN RESONANCE SQUAD LEVEL ORGANIZATIONS 
ES SPIN SCAN RADAR SQUADRONS 
SPIN STABILIZATION SQUARE ROOTS 
SPIN STABILIZEO AMMUNITION SQUARE WAVES 
| | SPIN STABILIZEO ROCKETS SQUELCH 
қ 95 
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SQUINT MOOE 

SQUIRREL MONKEYS 
SQUIRRELS 

SRI LANKA 

STABILITY 
STABILIZATION 
STABILIZATION SYSTEMS 
STABILIZEO PLATFORMS 
STABLE ISOTOPES 
STACKING 

STAGING 

STAGNATION 
STAGNATION POINT 
STAGNATION PRESSURE 
STAGNATION TEMPERATURE 
STAINLESS STEEL 
STALL WARNING INOICATORS 
STALLING 

STANDARO DEVIATION 
STANDAROI ZATION 
STANDAROS 

STANDBY EQUIPMENT 
STANOBY GENERATORS 
STANOING WAVE INOICATORS 
STANOING WAVE RATIOS 
STANOING WAVES 
STANDOFF 

STANNATES 

STANNIOES 
STAPHYLOCOCCUS 
STAPHYLOCOCCUS AUREUS 
STAR TRACKERS 
STARCHES 

STARFISHES 

STARK EFFECT 
STARLIGHT 

STARLIGHT SCOPES 
STARS 

STARTING 

STARVATION 

STATE GOVERNMENT 
STATE LAW 

STATE СГ THE АВТ 
STATIC DISCHARGERS 
STATIC ELECTRICITY 
STATIC ELIMINATORS 
STATIC LOADS 

STATIC PRESSURE 
STATIC STABILITY 
STATIC TESTS 

STATICS 

STATIONARY 

STAT IONKEEPING 
STATIONS 

STATISTICAL ANALYSIS 
STATISTICAL OATA 


STATISTICAL ОЕСІЅІОМ THEORY 
STATISTICAL DISTRIBUTIONS 


STATISTICAL FUNCTIONS 


UNCLASSIFIEO 
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STATISTICAL INFERENCE 
STATISTICAL MECHANICS 
STATISTICAL PROCESSES 
STATISTICAL SAMPLES 
STATISTICAL TESTS 
STATISTICS 

STATORS 

STEAOY FLOW 

STEAOY STATE 

STEAM 

STEAM CLEANING 

STEAM CONOENSERS 
STEAM ENGINES 

STEAM PIPES 

STEAM POWER PLANTS 
STEAM TRAPS | 

STEAm TURBINE Bi ADES 
STEAM ТОСЭТМЕ5 

STEAM VALVES 


„ STEARAT CS 


5%7АБІС ACID 

STEEC ., 

STEEL INCUSTRY 
STEEPEST OESCENT METHOD 
STEERABLE ANTENNAS 
STEERING. 

STELLAR AINOSPHERES 
S|T.LAR ECLIPSE 
STELLA® EVOLUTION 
STELLAR мо MATCHING 
STELLARATURS 
STEMMING 

STENOSIS 

STEPOOWN TRANSFORMERS 
STEPPER MOTORS 
STEREOCHEMISTRY 
STEREOMAPPING 
STEREOPHOTCGRAMMETRY 
STEREGPHOTOGRAPHY 
STEREOSCOPES 
STEREOSCOPIC CAMERAS 


STEREOSCOFZC OISPLAY SYSTEMS 
STEREOSCOPIC r:£IGHT FINDING 
STEREOSCOPIC MAP PLOTTERS 
STEREOSCOPIC MAPPING INSTRUMENTS 


STERCOSCOPIC PROJECTORS 


STEREOSCOPIC RANGE FINDING 


ЅТЕКЕОЅРЕСІГІС POLYMERS 
STERILIZATION 
STERILIZERS 

STERN TUBES (PROPULSION) 
STEROIDS 

STETHOSCOPES 

5ТЇЕРЕМ20 CYLINDERS 
STIFFENING 

STIFFNESS 

STILBENES 

STILBESTROL 

STII.L PROJECTORS 


PEN 


бл У х ß 
— 2 —— — a 4 ата л ТРЕТИ * 


STILLBIRTHS 
STIMULATION (GENERAL ) 
STIMULATION (PHYSIOLOGY) 
STIMULI 

STING MOUNTS 
STIRLING CYCLE 
STIRRERS 

STOCHASTIC CONTROL 
STOCHASTIC PROCESSES 
SYOCKPILES 
STOICHINMETRY 

STOKES RADIATION 
STOMACH 

STOPPING 


UNCLASSIFIEO 


OTIC POSTING TERMS 


STOPPING RULES(MATHEMATICS) 
STORABLE ROCKET PROPELLANTS 


STORAGE 

STORAGE BATTERIES 
STORAGE RACKS 

STORAGE TANKS 

STORAGE TUBES 

STORES 

STORMS 

STOVES 

STRAIN GAGES 

STRAIN HARDENING 
STRAIN RATE 

STRAINS (BIOLOGY ) 
STRAIN(MECHANTCS ) 
STRAITS 

STRAKES 

STRANDS 

STRANGE PARTICLES 
STRAPPED OOWN SYSTEMS 
STRAPS 

STRATEGIC AIR COMMANO 
STRATEGIC ANALYSIS 
STRATEGIC AREAS 
STRATEGIC BOMBING 
STRATEGIC COMMUNICATIONS 
STRATEGIC INTELLIGENCE 
STRATEGIC MATERIALS 
STRATEGIC SATELLITES 
STRATEGIC WARFARE 
STRATEGIC WEAPONS 
STRATEGY 
STRATIFICATION 
STRATIGRAPHY 
STRATOSPHERE 

STRATUS CLOUOS 

STRAW 

STREAK CAMERAS 
STREAMLINE SHAPE 
STREAMS 

STRENGTH WEIGHT RATIO 
STRENGTH (GENERAL ) 
STRENGTH ( MECHANICS ) 
STRENGTH! PHYSIOLOGY ) 
STREPTOCOCCAL PNEUMONIA 
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STREPTOCOCCUS 
STREPTOCOCCUS MUTANS 
STREPTOCOCCUS PYOGENES 
STREPTOMYCES 
STREPTOMYCETACEAE 
STREPTOMYCINS 

STRESS ANALYSIS 

STRESS CONCENTRATION 
STRESS CORROSION 
STRESS RELAXATION 
STRESS RELIEVING 
STRESS STRAIN RELATIONS 
STRESS TESTING 

STRESS WAVES 

STRESSES 

STRESS (PHYSIOLOGY) 
STRESS (PSYCHOLOGY ) 
STRETCH FORMING 
STRETCHERS 

STRIA VASCULARIS 
STRIATIONS 

STRIKE WARFARE 

STRIP COATINGS 

STRIP TRANSMISSION LINES 
STRIPES 

STRIPPEO ATOMS 
STROBOSCOPES 
STRONTIUM 

STRONTIUM ALLOYS 
STRONTIUM COMPOUNOS 
STRUCTURAL ANALYSIS 
STRUCTURAL ENGINEERING 
STRUCTURAL GEOLOGY 
STRUCTURAL MECHANICS 
STRUCTURAL MEMBERS 
STRUCTURAL PROPERTIES 
STRUCTURAL RESPONSE 
STRUCTURAL STEEL 
STRUCTURES 

STRUMMING 

STRUTS 

STRYCHNOS ALKALOIOS 
STUB CONFIGURATION 
STUO WELDING 

STUOENTS 
STUDS(STRUCTURAL MEMBERS ) 
STUFFING TUBES 
STYPHNATES 

STYPHNIC ACIDS 

STYRENE PLASTICS 
STYRENES 

SUBARCTIC REGIONS 
SUBCALIBER PROJECTILES 
SUBCRITICAL ASSEMBLIES 
SUBCUTANEOUS TISSUE 
SUBJECT INDEXING 
SUBLETHAL DOSAGE 
SUBLIMATION 

SUBMACHINE GUNS 


юэ 
UNCLASSIFIED 
OTIC POSTING TERMS ~ 
SUBMARINE ANTENNAS SULFATES 
SUBMARINE ATMOSPHERES SULFATION 
SUBMARINE BASES SULFIDES 
SUBMARINE CANYONS SULFIDIZATION 
SUBMARINE CHASERS SULFINATES 
SUBMARINE DETECTION SULFINIC ACIOS 
SUBMARINE ENGINES SULFITES 
SUBMARINE EQUIPMENT SULFOBROMOPHTHALEIN SODIUM 
SUBMARINE ESCAPE SULFONAMIDES 
SUSMARINE HULLS SULFONATES 
SUBMARINE LAUNCHED SULFONES 


SUBMARINE MODELS 
SUBMARINE NOISE 
SUBMARINE PERISCOPES 
SUBMARINE PERSONNEL 
SUBMARINE RESCUE VESSELS 
SUBMARINE SAILS 
SUBMARINE SIMULATORS 
SUBMARINE TRENCHES 


SULFONIC ACIDS 

SULFONYL HALIDES 

SULFONYL RADICALS 

SULFDXIDES 

SULFUR 

SULFUR COMPDUNDS 

SULFUR HETEROCYCLIC COMPOUNDS 
SULFUR OXIDES 


| SUBMARINE TROUGHS SULFURATION 
| SUBMARINES SULFURIC ACID 
SUBMERGED ARC WELDING SUMATRA 
i SUBMERSIBLES SUMMER 
| SUBMILLIMETER WAVES SUMPS 
SUBMINIATURE ELECTRICAL EQUIPMENT SUN 
| SUBMINIATURE ELECTRON TUBES SUNKEN SHIPS 
SUBMINIATURE ELECTRONIC EQUIPMENT SUNLIGHT 
: SUBMUNITIONS SUNRISE 
E SUBORBITAL TRAJECTORIES SUNSET 
DI SUBROUTINES SUNSPOTS 
x”. SUBSAHARAN AFRICA SUPERALLOYS 


SUBSDNIC CHARACTERISTICS SUPERCAVITATING PROPELLERS 


SUPERCHARGED EJECTOR RAMJET ENGINES 


! 
| SUBSONIC COMBUSTION 


SUBSONIC DIFFUSERS SUPERCHARGERS 
SUBSONIC FLIGHT SUPERCONDUCTIVITY 
SUBSONIC FLOW SUPERCONDUCTORS 
| SUBSONIC NOZZLES SUPERCOOL ING 
74 SUBSONIC МІМО TUNNELS SUPERCRITICAL AIRFOILS 


SUBSTITUTES SUPERCRITICAL FLOW 
| SUBSTITUTION REACTIONS SUPERCRITICAL WINGS 
SUBSTRATES SUPERFINES 
| SUBSURFACE SUPERFLUIDITY 
| SUBTROPICAL REGIONS SUPERHEATERS 
| SUBVERSION SUPERHEATING 
| | SUCCINATES SUPERHETERODYNE RECEIVERS 
1 SUCCINIC АС10 SUPERHIGH FREQUENCY 
| SUCCINIMIOES SUPERLOW FREQUENCY 
4 SUCROSE SUPERNOVAE 
SUCTION SUPEROXIDES 
| SUCTION PUMPS SUPERQUICK FUZES 
SUCTION SLOTS SUPERREGENERATION 
| SUDAN SUPERSATURATION 
| SUEZ CANAL SUPERSONIC AIRCRAFT 
SUGAR ACIDS SUPERSONIC AIRFOILS 


SUGARS SUPERSONIC COMBUSTION 
i SULFADIAZINE SUPERSONIC COMBUSTION RAMJET ENGINES 
0 SULFAMATES SUPERSONIC OIFFUSERS 

SULFAMIC ACIDS SUPERSONIC DRAG 


SUGAR ALCOHOLS 
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SUPERSONIC CHARACTERISTICS 


UNCLASSIFIEO 


OTIC POSTING TERMS 


SUPERSONIC 
SUPERSONIC 
SUPERSONIC 
SUPERSONIC 
SUPERSONIC 


FLIGHT 

FLOW 

INLETS 
NOZZLES 

TEST VEHICLES 
SUPERSONIC TRANSPORTS 
SUPERSONIC WIND TUNNELS 
SUPERSTRUCTURES 
SUPERVISION 

SUPERVISORS 

SUPPLIES 

SUPPLY OEPOTS 

SUPPORTS 

SUPPRESSION 

SUPPRESSORS 

SURF 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE 
SURF ACE 
SURFACE 
SURF ACE 
SURF ACE 
SURFACE 
SURF ACE 
SURFACE 
SURF ACE 
SURFACE 
SURFACE 
SURFACE 
SURFACE WATERS 

SURFACE WAVES 

SURFACES 

SURGERY 

SURGES 

SURGICAL IMPLANTATION 
SURGICAL INSTRUMENTS 
SURGICAL SUPPLIES 
SURGICAL TRANSPLANTATION 
SURINAM 

SURVEILLANCE 
SURVEILLANCE DRONES 
SURVEY ING ( GEOGRAPHIC ) 
SURVEYS 

SURVIVABILITY 

SURVIVAL EQUIPMENT 
SURVIVAL KITS 


ACOUSTIC WAVE OEVICES 
ACOUSTIC WAVES 
ACTIVE SUBSTANCES 
ANALYSIS 

BLAST 

CHEMISTRY 

EFFECT SHIPS 

EFFECT VEHICLES 
ENERGY 

FINISHING 

LAUNCHEO 

NAVIGATION 
PROPERTIES 
PROPULSION 
REACTIONS 

ROUGHNESS 

TARGETS 

TEMPERATURE 

TO AIR 

TO AIR MISSILES 

TO SPACE 

TO SURFACE 

TO SURFACE MISSILES 
TO UNDERWATER 

TO UNOERWATER MISSILES 
TRUTH 
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SURVIVAL RATIONS 
SURVIVAL (GENERAL ) 
SURVIVAL (PERSONNEL ) 
SUSPENDEO ARRAYS 
SUSPENDEO SEDIMENTS 
SUSPENDING( HANGING ) 
SUSPENSION DEVICES 
SUSTAINER ENGINES 
SUTURES 

SWAGING 

SWAMPS 

SWANS 

SWEAT COOLING 

SWEAT GLANDS 

SWEOEN 

SWEEP FREQUENCY TECHNIQUES 
SWEEP GENERATORS 
SWEEPFREQUENCY RADAR 
SWEPT WINGS 

SWEPTBACK WINGS 
SWEPTFORWARO WINGS 
SWIM BLAOOERS 

SWIMMER VEHICLES 
SWIMMERS 

SWIMMING 

SWINE 

SWINE INFLUENZA VIRUS 
SWIRLER VANES 
SWITCHBOAROS 

SWITCHES 

SWITCHING 

SWITCHING CIRCUITS 
SWITCHING LOGIC 
SWITZERLANO 

SYLLABLES 

SYMBOLIC PROGRAMMING 
SYMBOLS 

SYMMETRY 

SYMMETRY (CRYSTALLOGRAPHY ) 
SYMPATHETIC OETONATIONS 
SYMPATHETIC NERVOUS SYSTEM 
SYMPATHOLYTIC AGENTS 
SYMPATHOMIMETIC AGENTS 
SYMPOSIA 

SYNAPSE 

SYNAPSIS 
SYNCHROCYCLOTRONS 
SYNCHRONISM 
SYNCHRONIZATION( ELECTRONICS ) 
SYNCHRONIZING SWITCHES 
SYNCHRONOUS SATELLITES 
SYNCHROS 

SYNCHROTRON 

SYNCOPE 

SYNERGISM 

SYNOPTIC METEOROLOGY 
SYNTACTIC FOAMS 
SYNTAX 

SYNTHASES 


ВА ы... š, 


UNCLASSIFIEO 


OTIC POSTING TERMS 


SYNTHESIS 
SYNTHESIS ( CHEMISTRY) 
SYNTHETIC APERTURE RADAR 
SYNTHETIC APERTURE SONAR 
SYNTHETIC FIBERS 
SYNTHETIC FUELS 
SYNTHETIC MATERIALS 
SYNTHETIC RUBBER 
SYNTHETIC STONES 
SYPHACIA 

SYPHILIS 

SYRIA 

SYSTEM SAFETY 

SYSTEM TEST VESSELS 
SYSTEMS ANALYSIS 
SYSTEMS APPROACH 
SYSTEMS ENGINEERING 
SYSTEMS MANAGEMENT 
TABLES(DATA) 

TABLES( FURNITURE ) 
TABLETS (CHEMICAL) 
TABULATION PROCESSES 
TAB(OTIC) 

TACAN 

TACHI STOSCOPES 
TACHOMETERS 
TACHYCARDIA 

TACTICAL AIR COMMAND 
TACTICAL AIR CONTROL SYSTEMS 
TACTICAL AIR SUPPORT 
TACTICAL AIRCRAFT 
TACTICAL ANALYSIS 
TACTICAL BOMBING 
TACTICAL COMMUNICATIONS 
TACTICAL DATA SYSTEMS 
TACTICAL INTELLIGENCE 
TACTICAL RECCNNAISSANCE 
TACTICAL WARFARE 
TACTICAL WEAPONS 

TAIL ASSEMBLIES 

TAIL FUZES 

TAIL HELICOPTER ROTORS 
TAIL ROTORS 

TAIL WHEELS 

TAILLESS AIRCRAFT 
TAILS (AIRCRAFT ) 
TAIWAN 

TAKEOFF 

TALC 

TANGENTS 

TANK CARS 

TANK CREWS 

TANK ENGINES 

TANK FRAGMENTATION 
TANK FRAGMENTS 

TANK LINERS 

TANK TURRETS 

TANK VENTS 

TANKER AIRCRAFT 
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TANKER SHIPS 

TANKS (COMBAT VEHICLES) 
TANKS ( CONTAINERS ) 
TANNIC ACID 

TANNING 

TANTALATES 

TANTALUM 

TANTALUM ALLOYS 
TANTALUM CAPACI TORS 
TANTALUM COMPOUNDS 
TANZANIA 

TAPE RECORDERS 

TAPE RECORDING 

TAPE WOUND CONSTRUCTION 
TAPER 

TAPES 

TAPS 

TAR 

TARGET ACQUISITION 
TARGET ACTIVATED MUNITIONS 
TARGET ANGLE 

TARGET CLASSIFICATION 
TARGET DESIGNATORS 
TARGET OETECTION 
TARGET DISCRIMINATION 
TARGET DRONES 

TARGET ECHOES 

TARGET LEAD INDICATORS 
TARGET PDSITION INDICATORS 
TARGET RECOGNITION 
TARGET SIGNATURES 
TARGET STRENGTH 
TARGETING 

TARGETS 

TARTRATES 

TASK FORCES 

TASMAN SEA 

TASTE 

TAXES 

TAXIING 

TAXIWAYS 

TAXDNOMY 

TAYLORS SERIES 

TEA 

TEA LASERS 

TEACHING MACHINES 
TEACHING METHODS 
TEAMS ( PERSONNEL ) 

TEAR GAS 

TEARING 

TECHNETIUM 

TECHNETIUM COMPOUNDS 
TECHNICAL INFORMATION CENTERS 
TECHNICAL WRITING 
TECHNICIANS 
TECHNOLOGY FORECASTING 
TECHNOLOGY TRANSFER 
TECTONICS 

TEETH 


UNCLASSIFIED 


TEKTITE 

TELECOMMUNICATION CIRCUITS 

TELECOMMUNICAT IONS 

TELEGRAPH EQUIPMENT 

TELEGRAPH SIGNALS 

TELEGRAPH SYSTEMS 

TELEMETER SYSTEMS 

TELEMETERING ANTENNAS 

TELEMETERING DATA 

TELEMETERING RECEIVERS 

TELEMETERING TRANSMITTERS 

TELEOPERATORS 

TELEPHONE EQUIPMENT 

TELEPHONE LINES 

TELEPHONE RECEIVERS 

TELEPHONE SIGNALS 

TELEPHONE SYSTEMS 

| TELEPHONE TRANSMITTERS 

| TELEPHOTO LENSES 

| TELEPRINTERS 

i TELESCOPE LENSES 

| TELESCOPES 
TELESCOPIC GUN SIGHTS 
TELESCOPING ROTORS 
TELESCOPING STRUCTURES 

TELETYPE SYSTEMS 

i TELETYPEWRITERS 

Е | TELEVISION ANTENNAS 

|- | | TELEVISION CAMERAS 

| | TELEVISION CONVERTERS 

| TELEVISION DISPLAY SYSTEMS 
TELEVISION EQUIPMENT 

TELEVISION GUIDANCE 
TELEVISION RECEIVERS 
TELEVISION STATIONS 
TELEVISION SYSTEMS 
TELEVISION TRACKING 

| TELEVISION TRANSMITTERS 
TELLURIC CURRENTS 

TELLURIDES 

| TELLURIUM 


TELLURIUM ALLOYS 
TELLURIUM COMPOUNDS 
TEMPERATE REGIONS 
TEMPERATURE 
TEMPERATURE COEFFICIENT OF REACTIVITY 
TEMPERATURE COEFFICIENTS 
! TEMPERATURE CONTROL 
1 TEMPERATURE GRADIENTS 
| TEMPERATURE INVERSION 
: TEMPERATURE MEASURING INSTRUMENTS 
TEMPERATURE SENSITIVE ELEMENTS 
TEMPERATURE WARNING SYSTEMS 
TEMPERING 
1 | TEMPLATES 
| | TENDERS ( VESSELS) 
! ТЕМООМ5 
ТЕММЕ55ЕЕ 
TENNESSEE RIVER 
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OTIC POSTING TERMS 


TENSILE PROPERTIES 
TENSILE STRENGTH 
TENSILE STRESS 
TENSILE TESTERS 
TENSIOMETERS 

TENSION 

TENSOR ANALYSIS 
TENSORS 

TENTS 

TERATOGENIC COMPOUNDS 
TERBIUM 

TERBIUM COMPOUNDS 
TERMINAL BALLISTICS 
TERMINAL DEFENSE 
TERMINAL FLIGHT FACILITIES 
TERMINAL GUIDANCE 
TERMINAL HOMING 
TERMINALS 

TERMITES 

TERNARY COMPOUNDS 
TERPENES 

TERRAIN 

TERRAIN ANALYSIS RADAR 
TERRAIN AVOIDANCE 
TERRAIN FOLLOWING 
TERRAIN INTELLIGENCE 
TERRAIN MASKING 
TERRAIN MODELS 
TERRESTRIAL RADIATION 
TERRORISM 

TEST AND EVALUATION 
TEST BEDS 

TEST CONSTRUCTION( PSYCHOLOGY ) 
TEST EQUIPMENT 

TEST FACILITIES 

TEST FIXTURES 

TEST METHODS 

TEST REACTORS 

TEST SETS 

TEST STANDS 

TEST VEHICLES 

TESTES 

TESTOSTERONE 

TETANUS 

TETHERING 
TETRACYANOETHYLENE 
TETRACYCLINES 


TETRAETHYLENE PENTAMINE NITRATE 


TETRAFLUOROETHYLENE RESINS 
TETRAZENES 
TETRAZOLES 
TETRODES 
TETROXIDES 
TETRYL 

TEXAS 

TEXT PROCESSING 
TEXTBOOKS 
TEXTILE INDUSTRY 
TEXTILES 
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TEXTURE 

THATLAND 

THALAMUS 

THALLIUM 

THALLIUM ALLOYS 
THALLIUM COMPOUNOS 
THALLIUM LAMPS 

THAWING 

THEATER LEVEL OPERATIONS 
THEBAINE 

THEFT 

THEODOLITES 

THEOREMS 

THEORY 

THERAPY 

THERMAL ANALYSIS 
THERMAL BATTERIES 
THERMAL BLOOMING 
THERMAL BOUNDARY LAYER 
THERMAL COLUMN 

THERMAL CONDUCTIVITY 
THERMAL COUNTERMEASURES 
THERMAL CYCLING TESTS 
THERMAL DEGRADATION 
THERMAL DIFFUSION 
THERMAL DIFFUSION SEPARATION 
THERMAL EXPANSION 
THERMAL FATIGUE 

THERMAL INSTABILITY 
THERMAL INSULATION 
THERMAL JOINING 

THERMAL LENS EFFECT 
THERMAL LUMINESCENCE 
THERMAL NEUTRONS 
THERMAL POLLUTION 
THERMAL POWER PLANTS 
THERMAL PROPERTIES 
THERMAL PROPULSION SYSTEMS 
THERMAL RADIATION 
THERMAL REACTORS 
THERMAL RESISTANCE 
THERMAL SHOCK 

THERMAL STABILITY 
THERMAL STRESSES 
THERMAL SWITCHES 
THERMAL TARGETS 

THERMAL UTILIZATION 
THE SMI CONS 

THERMIONIC CONVERTERS 
THERMIONIC EMISSION 
THERMIONIC POWER GENERATION 
THERMISTORS 

THERMITE 

THERMOCHEMICAL PROPULSION 
THERMOCHEMISTRY 
THERMOCHROMIC MATERIALS 
THERMOCL INES 
THERMOCOMPRESS ; ON 
THERMOCOUPLE PYROMETERS 


102 


UNCLASSIFIED 


THERMOCOUPLES 
THERMOOYNAMIC CYCLES 
THERMOOYNAMIC PROPERTIES 
THERMOOYNAMICS 
THERMOELASTICITY 
THERMOELECTRIC COOLING 


THERMOELECTRIC POWER GENERATION 


THERMOELECTRICITY 
THERMOGRAPHS 
THERMOGRAPHY 
THERMOGRAVIMETRIC ANALYSIS 
THERMOLUMINESCENCE 
THERMOMECHANICS 
THERMOMETERS 
THERMONUCLEAR ENERGY 
THERMONUCLEAR REACTIONS 
THERMOPHILIC FUNGUS 
THERMOPHYSICAL PROPERTIES 
THERMOPILES 
THERMOPLASTIC RESINS 
THERMOSETTING PLASTICS 
THERMOSPHERE 
THERMOSTATS 
THERMOVISION 

THESAURI 

THESES 

THIAMINES 

THIAZOLES 

THICK FILMS 

THICK WALLS 

THICK WINGS 
THICKENERS ( MATERIALS) 
THICKNESS 


THIN 
THIN 
THIN 
THIN 
THIN 
THIN 
THIN 


FILM CAPACITORS 

FILM RESISTORS 

FILM STORAGE OEVICES 
FILMS 

LAYER CHROMATOGRAPHY 
WALLS 

WINGS 


THINNESS 
THIOBARB!TURIC ACIO 
THIOCYANATES 

THIOLS 

THIONYL CHLORIOE 
ТНТОРНЕМЕ$ 
THIOSULFATES 
THIOUREA 

THIRD HARMONIC GENERATION 
THIRD STAGE ENGINES 
THIRST 


THIXOTROPIC PROPELLANT ROCKET ENGINES 
THIXOTROPIC ROCKET PROPELLANTS 


THOGOTO VIRUS 
THORAX 

THORIUM 

THORIUM ALLOYS 
THORIUM COMPOUNDS 
THORIUM DIOXIOE 


E 
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THORIUM OXIDES 

THREAT EVALUATION 
THREATS 

THREE DIMENSIONAL 
THREE OIMENSIONAL FLOW 
THREE PHASE FLOW 

THREE TERMINAL NETWORKS 
THRESHOLD EFFECTS 
THRESHOLDS ( PHYSIOLOGY ) 
THROAT 
THROATS ( EQUIPMENT ) 
THROMBIN 
THROMBOCYTOPENIA 
THROMBOPHLEBITIS 
THROMBOPLASTIN 
THRDMBOSIS 

THROTTLING 

THROUGHPUT 

THRUST 

THRUST AUGMENTATION 
THRUST AUGMENTOR NOZZLES 
THRUST BEARINGS 

THRUST CHAMBERS 

THRUST CONTROL 

THRUST METERS 

THRUST REVERSAL 

THRUST TERMINATION SYSTEMS 
THRUST VECTOR CONTROL SYSTEMS 
THRUSTERS 

THULIUM 

THULIUM COMPOUNDS 
THUNDERSTORMS 
THYMIDINES 

THYMOCYTES 

THYMUS 

THYRATRDNS 

THYRISTORS 
THYRDGLOBULIN 

THYROID AND ANTITHYROID AGENTS 
THYROID GLAND 

THYROID HORMONES 
THYROTROPIN 

THYROXINE 

TIBIA 

TICKBORNE DISEASES 
TICKBORNE VIRUSES 
TICKS 

TIDAL CURRENTS 

TIDES 

TIDEWATER 

TIEDOWN DEVICES 
TIGHTNESS 

TILES 

TILT 

TILT WINGS 

TILTMETERS 

TIME 

TIME COMPRESSION 

TIME DELAY FUZES 
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TIME DELAY RELAYS 
TIME DEPENDENCE 

TIME DIVISION MULTIPLEXING 
TIME DOMAIN 

TIME FUZES 

TIME INTERVAL COUNTERS 
TIME INTERVALS 

TIME LAG THEORY 

TIME SERIES ANALYSIS 
TIME SHARING 

TIME SIGNALS 

TIME STANDARDS 

TIME STUDIES 

TIME SWITCHES 

TIME TO PULSE HEIGHT CONVERTERS 
TXMELINESS 

TIMING CIRCUITS 
TIMING DEVICES 
TIMOSHENKO BEAM 

TIN 

TIN ALLOYS 

TIN COATINGS 

TIN COMPOUNDS 

TIRE CHAINS 

TIRE TUBE PATCHES 
TIRE TUBES 

TIRES 

TISSUE BANKS 

TISSUE CULTURE 
TISSUE CULTURE CELLS 
TISSUE EXTRACTS 
TISSUE FLUIOS 

TISSUE IMMUNITY 
TISSUES ( BIDLOGY ) 
TITANATES 

TITANIUM 

TITANIUM ALLOYS 
TITANIUM SORIDE 
TITANIUM COMPOUNDS 
TITANIUM DIOXIDE 
TITANIUM OXIDES 
TITRATION 

TNT 

TDASTER 

TDBACCO MOSAIC VIRUS 
TOBACCO PLANTS 
TDBACCO SMOKING 
TDGGLE JOINTS 

TDGGLE SWITCHES 
TOILET ARTICLES 
ТОЕТ FACILITIES 
TOKAMAKS 

TOLERANCE 

TDLERANCES (MECHANICS ) 
TOLERANCES ( PHYSIOLOGY ) 
TOLUENES 

TOLUIDINES 

TOMBIGBEE RF VER 
TOMOGRAPHY 


— A 


— APPARE 


um c s=: > 


Р 


ТОМЕ АВМ5 

TONERS 

TONGUE 

TONGUE OF THE OCEAN 
TONKIN GULF 
TONSILLITIS 

TONSILS 

TOOL CHUCKS 

TOOL KITS 

TOOL STEEL 

TOOLS 

TOPOGRAPHIC CAMERAS 
TOPOGRAPHIC MAPS 
TOPOGRAPHY 

TOPOLOGY 

TORCHES 

TORNADOES 

TOROIDS 

TORPEDO ATTACK 
TDRPEDO COMPONENTS 
TORPEDO COUNTERMEASURES 
TORPEDO OAMAGE 
TORPEDO OATA COMPUTERS 
TORPEDO DETECTION 
TORPEDO EXPLODERS 
TORPEDO LAUNCHERS 
TDRPEDO MODELS 
TORPEDO MOTORS 
TORPEDO NOISE 
TORPEDO PRDPELLANTS 
TORPEDO TRAJECTORIES 
TORPEDO TUBES 
TORPEDO TURBINES 
TORPEDO WARHEADS 
TORPEDOES 

TORPEX 

TORQUE 

TORQUE CONVERTERS 
TORQUE COUPLINGS 
TORSION 

TORSION BARS 
TORSION METERS 

TOSS BOMBING 

TOUCH 

TOUGHNESS 
TOURMALINE 

TOW BARS 

TOWED AIRCRAFT 
TOWED ARRAYS 

TOWED SOCIES 

TOWED MINES 

ТОМЕО SONAR 

TOWED TARGETS 
TOWEO VEHICLES 
TOWELS 

TOWERS 

TOWING 

TOWING AIRCRAFT 
TOWING CABLES 
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TOWING VEHICLES 
TOXEMIA 

TOXIC AGENT ALARMS 
TOXIC AGENTS 

TOXIC DISEASES 

TOXIC HAZARDS 

TOXIC TOLERANCES 
TOXICITY 
TOXICOLOGISTS 
TOXICOLOGY 

TOXINS AND ANTITOXINS 
TOXDPLASMA 

TRACE ELEMENTS 

TRACE GASES 

TRACER AMMUNITION 
TRACER STUDIES 
TRACHEA 

TRACHEDTDMY 

TRACHOMA 

TRACK WHILE SCAN 
TRACKED VEHICLES 
TRACKING 

TRACKING CAMERAS 
TRACKING STATIONS 
TRACKING TELESCOPES 
TRACKS 
TRACKS ( AERODYNAMICS ) 
TRACTABLE 

TRACTION 

TRACTOR ENGINES 
TRACTORS 

TRADE OFF ANALYSIS 
TRAFFIC 
TRAFFICABILITY 
TRAILERS 

TRAILING CONTROL SURFACES 
TRAILING EDGES 
TRAILING VORTICES 
TRAILING WIRE ANTENNAS 
TRAINEES 

TRAINING 

TRAINING AIRCRAFT 
TRAINING AMMUNITION 
TRAINING DEVICES 
TRAINING FILMS 
TRAINING GEAR 
TRAJECTORIES 
TRANQUILIZERS 
TRANSATLANTIC FLIGHTS 
TRANSCENDENTAL. FUNCTIONS 
TRANSCONDUCT ANCE 
TRANSDUCERS 

TRANSFER 

TRANSFER FUNCTIONS 
TRANSFER OF TRAINING 
TRANSFER SWITCHES 
TRANSFER TRAJECTORIES 
TRANSFERASES 
TRANSFDRMATIDNAL GRAMMARS 


E 
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TRANSFORMAT IONS TRAVELING WAVE ELECTRON ACCELERATORS 
TRANSFORMATIONS (MATHEMATICS ) TRAVELING WAVE TUBES 
TRANSFORMERS TRAVELING WAVES 
TRANSIENT RADIATION EFFECTS TRAVERSING MECHANISMS 
TRANSIENTS TRAYS 
TRANSISTOR AMPLIFIERS TREADMILLS 
TRANSISTOR TRANSISTOR LOGIC TREADS 
TRANSISTORS TREATIES 
TRANSITION METAL COMPOUNDS TREE CANOPY 
TRANSITION METALS TREE RING ANALYSIS 
TRANSITION TEMPERATURE TREES 
TRANSITIONS TREHALOSE 
TRANSLATIONS TREMATOOES 
TRANSLATORS TREMORS 
TRANSLOCATION TRENCHES 
TRANSMERIDIAN FLIGHTS TRENCHING 
x TRANSMISSION FLUIDS TREPONEMA 
TRANSMISSION GEARS TRE^ONEMA PALLIDUM 
TRANSMISSION LINES ТВЕРОМЕМАТАСЕА” 
TRANSMISSION LOSS TRESTLES 
| TRANSMISSIONS (MECHANICAL ) TRIACETIN 
| TRANSMISSIVITY TRIANGLES 
TRANSMISSOMETERS TRIANGULATION 
| TRANSMIT RECEIVE TUBES TRIAXIAL STRESSES 
! TRANSMITTANCE TRIAZINES | 
р TRANSMITTER RECEIVERS TRIBOELECTRICITY Я 
Am TRANSMITTERS TRIBOLOGY 
| | TRANSMITTING TRICHINELLA 
EI! TRANSONIC AIRCRAFT TRICHLOROETHANES 
a TRANSONIC AIRFOILS TRICHLOROETHYLENE i 
| TRANSONIC CHARACTERISTICS TRICHLOROSI LANE 3 
TRANSONIC FLIGHT TRICHURIS 4 
TRANSONIC FLOW TRIETHYLALUMINUM | 
TRANSONIC NOZZLES TRIGGER CIRCUITS 
| TRANSONIC WIND TUNNELS TRIGONOMETRY 
5) TRANSPARENCE TRIM ANGLE 
| TRANSPARENCIES TRIM ТАВ5 1 
TRANSPARENT PANELS TRIMETHYLALUMINUM i 
TRANSPIRATION TRIM( AERODYNAMICS ) 4 
TRANSPLANTATION TRIM(HYDRODYNAMICS ) ; 
| TRANSPONDERS TRINIDAD 4 
|| TRANSPORT TRIODES ғ 
E TRANSPORT AIRCRAFT TRIP WIRES 3 
T TRANSPORT PROPERTIES TRIPLE EJECTION RACKS 14 
3 . TRANSPORTABLE TRIPODS 
. TRANSPORYATION TRISACCHARIOES | 
E TRANSPORTER ERECTORS TRITIATED COMPOUNDS Н 
TRANSPORTS TRITIUM 
| TRANSURANIUM COMPOUNDS TRITON BEAMS 
{ + TRANSURANIUM ELEMENTS TRITON BOMBARDMENT 
1 | TRANSVERSE TRITONAL EXPLOSIVES 
{ TRANSVERSE WAVES TRITONS 
} TRAPATT DEVICES TROPANE ALKALOIDS 
TRAPPING ( CHARGED PARTICLES) TROPICAL CYCLONES 
! | ТКАР5 TROPICAL DETERIORATION 
| TRAUMA TROPICAL DISEASES 
TRAUMATIC SHOCK TROPICAL MEDICINE 
| TRAVEL TROPICAL REGIONS 
| TRAVEL TIME TROPICAL SPRUE 
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TROPICAL TESTS 
TROPOCOLLAGEN 
TROPOPAUSE 
TROPOSPHERE 


UNCLASSIFIEO 


TROPOSPHERIC SCATTER COMMUNICATIONS 


TROUGHS 

TROUT 

TRUCK CONVOYS 
TRUCKS 

TRUNCAT ION 
TRUNKS (COMMUNICATIONS ) 
TRUSSES 
TRYPANOCIOES 
TRYPANOSOMA 
ТВҮРАМО” МА CRUZI 
TRYPANCSOMIASIS 
TRYPSIN 
TRYPTOPHAN 

TUBE GRIOS 

TUBE LAUNCHEO 
TUBERCULIN 
TUBERCULO: ‹5 
TUBES 

TUBULAR STRICTURES 
TUFF 

TUGBOATS 
TULAREMIA 
TUMBLING 

TUNA 

TUNABLE LASERS 
TUNORA 

TUNEO AMPLIFIERS 
TUNED CIRCUITS 
TUNGSTATES 
TUNGSTEN 

TUNGSTEN ALLOYS 
TUNGSTEN CARBIOES 
TUNGSTEN COMPOUNDS 
TUNGSTEN OXIDES 
TUNING 

TUNING DEVICES 
TUNING FORKS 
TUNISIA 

TUNNEL OIODES 
TUNNEL ING 
TUNNELING(ELECTRONICS ) 
TUNNELS 
TURBIDIMETERS 
TURBIOITY 
TURBIOITY CURRENTS 
TURBINE BLADES 
TURBINE PARTS 
TURBINE STATORS 
TURBINE WHEELS 
TURBINES 
TURBOCHARGERS 
TURBOFAN ENGINES 
TURBOGENERATORS 
TURBOJET ENGINES 
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TURBOJET EXHAUST NOZZLES 
TURBOJET INLET SCREENS 
TURBOJET INLETS 
TURBOMACHINERY 

TURBOPROP ENGINES 
TURBOPROP EXHAUST NOZZLES 
TURBOPUMPS 

TURBORAMJET ENGINES 
TURBOSHAFT ENGINES 
TURBOSUPERCHARGERS 
TURBULENCE 

TURBULENT BOUNDARY LAYER 
TURBULENT OIFFUSION 
TURBULENT FLOW 

TURKEY 

TURKEYS 

TURNING FLIGHT 

TURNING (MANEUVERING ) 
TURNTABLES 

TURTLES 

TWILIGHT 

TWINNING( CRYSTALLOGRAPHY ) 
TWIST ( AERDOYNAMICS ) 
TWIST (MOTION) 

TWO DIMENSIONAL 

TWO DIMENSIONAL FLOW 

TWO PHASE FLOW 

TWO PHOTON ABSORPTION 
TWO WAY TRANSMISSION 
TYPEWRITERS 

TYPHOID 

TYPHOONS 

TYPHUS 

TYPHUS RICKETTSIAE 
TYPOGRAPHY 

TYROSINE 

TYRRHENIAN SEA 

ULCERS 

ULLAGE 

ULNAR NERVE 
ULTRACENTRIFUGES 
ULTRAFILTRATION 
ULTRAFINES 

ULTRAHIGH FREQUENCY 
ULTRAHIGH VACUUM 
ULTRALOW FREQUENCY 
ULTRASONIC CLEANING 
ULTRASONIC FREQUENCIES 
ULTRASONIC PROPERTIES 
ULTRASONIC RAOIATION 
ULTRASCNIC STERILIZATION 
ULTRASONIC TESTS 
ULTRASONIC WELDING 
ULTRASONICS 

ULTRAVIOLET COMMUNI CAT IONS 
ULTRAVIOLET DETECTORS 
ULTRAVIOLET EQUIPMENT 
ULTRAVIOLET FILTERS 
ULTRAVIDLET LAMPS 


ULTRAVIDLET 
ULTRAVIDLET 
ULTRAVIDLET 
ULTRAVIOLET 
ULTRAVIOLET 
ULTRAVIOLET 
ULTRAVIDLET 
ULTRAVIOLET 
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LASERS 

OPTICAL MATERIALS 
RADIATION 
RECEIVERS 

SPECTRA 
SPECTROMETERS 
SPECTROPHOTOMETERS 
SPECTROSCOPY 


UMBILICAL CORDS(AERDSPACE ) 
UNASSISTED PROJECTILES 
UNCONVENTIONAL NOZZLES 
UNCONVENTIONAL WARFARE 
UNCONVENTIONAL WEAPONS 


UNDERBOTTOM 


UNDERDEVE’.NPED AREAS 
UNDERGROUND 
UNOFRGROUND ANTENNAS 


UNDERGROUND EXPLOSIONS 
UNDERGROUND FACILITIES 
UNDERGROUND STRUCTURES 


UNDERICE 


UNDERSEA SURVEILLANCE 
UNDERSEA WARFARE 


UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNOERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNOERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 
UNDERWATER 


ACOUSTICS 
BALLISTICS 
CAMERAS 

CLDTHING 
COMMUNI CAT IONS 
CONSTRUCTION 
CUTTING 
DEMDLITION 
DEMDLITION TEAMS 
EQUIPMENT 
EXPLDSIONS 

LIFE SUPPORT SYSTEMS 
LIGHT 

LIGHTS 

MINES 

NAVIGATION 
ОВЈЕСТ LOCATORS 
OBJECTS 

ORDNANCE 
PHOTDGRAPHY 
PROJECTILES 
PROPULSION 
ROCKETS 

SDUND 

SOUND EQUIPMENT 
SOUND GENERATORS 
SDUNO SIGNALS 
STRUCTURES 
TARGETS 
TELEPHONES 

TO AIR 

TO SURFACE 

TO SURFACE MISSILES 
TO UNDERWATER 

TO UNDERWATER MISSILES 
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UNDERWATER TDOLS 
UNDERWATER TRACKING 
UNDERWATER TRAJFCTDRIES 
UNDERWATER VEHICLES 
UNDERWEAR 

UNEMPLCYMENT 

UNEXPLODED AMMUNITIDN 
UNFURLABLE ANTENNAS 
UNIDENTIFIED FLYING OBJECTS 
UNI D“ RECT IDNAL 

UNTFORMS 

UNINTERRUPTABLE POWER GENERATION 
UNITED NATIDNS 

UNITED STATES 

UNITED STATES AIR FORCE АСАГЕМҮ 
UNITED STATES COAST GUARD ACADEMY 
UNITED STATES GOVERNMENT 
UNITED STATES MILITARY ACADEMY 
UNITED STATES NAVAL ACAOEMY 
UNTVERSAL ЈСІМТЅ 
UNIVERSITIES 

UNLPADING 

UNMANNED 

UNMANNED SPACECRAFT 
UNSATURATED HYDRDCARBCNS 
UNSKILLED WORKERS 

UNSTEADY FLOW 

UPLINKS 

UPPER ATMOSPHERE 

UPWELLZING 

URACILS 

URANATES 

URANIUM 

URANIUM ALLDYS 

URANIUM COMPDUNDS 
URANOTAENIA 

URANUS ( PLANET ) 

URANYL RADICALS 

URBAN AREAS 

URBAN PLANNING 

URBAN WARF ARE 

UREA 

UREASE 

UREIDES 

UREMIA 

URETHANES 

URETHRITIS 

URIC ACID 

URIDINE 

URINARY SYSTEM 

URINE 

URONIC ACIDS 

URUGUAY 

USER MANUALS 

USER NEEDS 

USSR 

UTAH 

UTERUS 

UTILITY AIRCRAFT 
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UTILITY VEHICLES 
UTILIZATION 

V AGENTS 

V ВАМО 

V PARTICLES 
VACANCIES(CRYSTAL OEFECTS) 
VACCINES 

VACCINIA VIRUS 

VACUUM 

VACUUM APPARATUS 

VACUUM CHAMBERS 

VACUUM CLEANERS 

VACUUM OEGASSING 

VACUUM OEPOSITION 
VACUUM OISTILLATION 
VACUUM FURNACES 

VACUUM OPERATEO VALVES 
VACUUM PUMPS 

VACUUM SEALS 

VACUUM SWITCHES 

VACUUM ULTRAVIOLET RADIATION 
VALENCE 

VALENCE BANOS 
VALIDATION 

VALLEYS 

VALUE 

VALUE ENGINEERING 
VALVES 

VAMOSC 

VAN ALLEN RAOIATION BELT 
VAN DE GRAAFF GENERATORS 
VANADATES 

VANADIUM 

VANADIUM ALLOYS 

VANADIUM COMPOUNDS 
VANAOIUM SILICIDES 
VANCOMYCIN 

VANEAXIAL FANS 

VANILLIC ACIDS 

VANS 

VAPOR OEPOSITION 

VAPOR LOCK 

VAPOR PHASES 

VAPOR PLATING 

VAPOR PRESSURE 
VAPORIZATION 

VAPORS 

VARACTOR OICDES 

VARIABLE AREA NOZZL.3 
VARIABLE BYPASS TURBOFANS 
VARIABLE CAPACITORS 
VARIABLE COORDINATES 
VARIABLE CYCLE ENGINES 
VARIABLE OEPTH SONAR 
VARIABLE INCIOENCE WINGS 
VARIABLE PITCH PROPELLERS 
VARIAB! PRESSURE 
VARIABL RESISTORS 
VARIABLE SPEED DRIVES 
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VARIABLE STABILITY AIRCRAFT 
VARIABLE STARS 
VARIABLE SWEEP WINGS 
VARIABLES 
VARIATIONAL METHODS 
VARIATIONAL PRINCIPLES 
VARIATIONS 

VARIOLA VIRUS 
VARISTORS 

VARNISHES 

VARYING SWEEP WINGS 
VASCULAR CONGESTION 
VASCULAR CISEASES 
VASOCONSTRICTING 
VASOOILATION 
VASOMOTOR REACTIONS 
VASOMOTOR REFLEXES 
VE AGENT 

VECTOR ANALYSIS 
VECTOR SPACES 
VECTORCARDIOGRAPHY 
VEGETABLE OILS 
VEGETABLES 
VEGETATION 

VEHICLE BRAKES 
VEHICLE CHASSIS COMPONENTS 
VEHICLE EQUIPMENT 
VEHICLE HEATERS 
VEHICLE INSTRUMENTS 
VEHICLE TRACKS 
VEHICLES 

VEHICULAR ARMOR 
VEILLONELLA 
VEILLONELLA ALKALESCENS 
VEINS 

VELOCIMETERS 
VELOCITY 

VENA CAVA 

VENDORS 
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Appendix 10 


THE ARMY SMALL ARMS PROGRAM 
А. Introduction 
On 26 January 1968, the Assistant Chief of Staff for Force 
Development (ACSFOR) published the Army Small Arms Program (ARSAP)-- 
a comprehensive document detailing, with funding and priority cita- 


tion, nearly 50 tasks to meet the Army requirements for small arms 


in the immediate, mid-, and long-range time frames. This document 


also established a management structure to provide for coherent 


execution of the multiphased, multifaceted program. It was the 


formal response to an October 1966 Chief of Staff decision М to 1 
draw together under unified management the various activities of : 
small arms developments. (A draft program had been published in 1 
July 1967). The decision, in turn, was an outgrowth of several й 5 
years of study and analysis of small arms development in the U.S. : 
Army. The stated purpose of the program is to assure that the U.S. E 


Army will have the necessary small arms weapon systems at the time 
they are needed. One of the key points of the small arms program 


is that it is not a rigid, final work plan, but rather an assemblage 


ї 


of tentative tasks and efforts amenable to гейітес̧сіоп, expansion, 


restriction, and execution in order to provide the data, technology, 


** 


and systems when and where needed, and to ensure that at each step 


ч 
. 
* . 
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the necessary fundamental work has already been accomplished, 
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1, The decision was announced 26 October 1966 at a meeting of Army 
Staff principals, and formalized in CSM 66-455, Army Small Arms Yea- 
pon System, 7 November 1956 and in CSM 67-96, Army Scall Arms Pro- 
gram, 8 March 1967. 
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ТЕ is the purpose of this discussion of the Army Small Arms 
Program to describe and evaluate the program, and to offer construc- 
tive suggestions for its future development. The discussion begins 
with the Army's rifle program as it stood іп 1964. The factors 
leading to the worldwide, two-year Army Small Arms Veapons Systems 
(SAWS) Study are described, as is the analysis of that study in the 
Office of tne Chief of Staff, an analysis that brought about the 
development of the Army Small Arms Program in its present form. (For 
a schematic outline of the history of the Army Small Arms Program, 
See Figure 10-1). 

The Special Purpose Individual Weapon (SPIW) held & dominant 
position in the Army small arms and rifle programs between 1962 
and 1966, Accordingly, Inclosure 1 discusses the SPIW program in 
detail. 


Appendix 9 presents an audit trail of the Chief of Staff's 


involvement with and influence on the Army small arms program in 


general, and the Ml6 rifle program in particular. 
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В. Background 
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Small Arms in July and August 1965 

On 7 July 1964 the Under Secretary of the Army wrote the new 
Army Chief of Staff, who had taken office on 3 July, that he and 
the Secretary would like to review the Army's rifle program with 
particular emphasis on two questions: 


(1) If it became necessary in the near term 
to place new orders, would we resume M14 production, 
increase M16 production, or some combination of the 
two; (2) What is the status of current planning for 
the SPIW? To what extent are we considering other 
weapons. such as the M16 with its available atta 
ments or the Stoner system, in lieu of the $21122. 


The Staff position was forwarded Бу summary sheet a week 
later to the Chief of Staff. He approved on 21 July the joint 
Assistant Chief of Staff for Force Development (ACSFOR) and Deputy 
Chief of Staff for Logistics (DCSLOG) briefing on rifles, provided 
that improved oral rationale and appropriate viewgraph slides were 


presented to support the position taken. The Army position shculd 


2. The SPIN was designed to be lightweight, hand-held, small arms 
weapon that would fire both area- and point-target ammunition to 
ranges up to 400 meters, and that could combine the more desirable 
features of a high-velocity, small-caliber rifle and the M79 40m 
grenade launcher. The rifle (for point-target firing) was to be 
capable of selective automatic, semiautomatic, ard controlled- 
burst fire. The projectile assembly was to have a 10-grain fin 
stabilized flechette capable of inflicting a fatal wound at 400 
meters on personnel wearing standard body armor and helmets. The 
launcher (for area-target firing) was to fire high-explosive grenade 
cartridges and was to be semi-automatic in action. 
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be based upon (1) applicable concepts of the U. $. Army Combat 


Developments Command (USACDC) Army Requirements for Direct Fire 
Weapons Systems (ARDFIRE) study; (2) weapon and ammunition system 
lethality; (3) basic input data to the Deputy Chief of Staff for 
Military Operations (DCSOPS) study of 9 January 1963, "Rifle 
Evaluation: A Comparative Evaluation of the U.S, Army Rifle M14, 
the Armalite АХ 15, and the Soviet Rifle AK47"; and (4) an expla- 
nation of the purpose and functional role of the rifle as an Army 
weapon. The ACSFOR-DCSLOG briefing was revised accordingly and 
subsequently vas approved by the Chief of Staff on 4 August 1954.37 

Significant points in that briefing presented on 18 August 
1964 to the Secretary of the Army were: 

1, If procurement of rifles were authorized in the immediate 
future, the Army should resume production of Ml4's rather than M16 
production or a combination of M14 and M16 production. Additional 
Ml4 procurement would allow the Army to reduce further the logisti- 
cal problems associated with muitiple caliber ammunition require- 
ments for small arms. 

At this point .n time, prior to the availability 

of a quantum improvement in individual weaponry, the 

Army Staff believes the M14 rifle to be the. best weapon 

acceptable for general use. 

The M4 is the only U. S, rifle which fires the 


7.62ma NATO standerd ammunition. Unless there is 


3. 4 August 1964, Notation on ACSFOR Addendum to Summary Sheet, 
31 July 1954, The Army Rifle Progran. 
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а quantum improvement in individual weaponry, it is 

desirable from a logistical point of view that all 

units planning for deployment to Europe be equipped 

with basic weapons firing NATO standard ammunition. 

2. There were not enough M14's to equi» and support the en- 
tire active Army. All units not having special mission requirements 
for weapons should be equipped with M14 rifles, 

3. The then-current procurement of 85,000 M16 rifles satis- 
fied tne entire requirement for this type of light-weight, small 
caliber weapon. The lighc weight was considered to be of over- 
riding importance for airborne, air assault, and special forces 
units which were being equipped with these rifles. М14'5 should 


- 


not be replaced with М16'5 in any other type of unit. 
4. The SPIN should be the standard individual weapon to re- 
place the current rifles, provided that the forthconing evaluation 
of the progran resulted in approval of a SPIN weapon. In the mean- 
time the Army was continuing to examine several small caliber 
rifles as possible standard replacements for the then standard wea- 
pon, The object of the SPIW program was to equip the combat infan- 
tryman with a weapoa significantly better in hit probability than 
the current military rifle. Upon approval of such a weapon for pro- 


s 
curement, the standard rifle in all combat units would be replaced; 


the new weapon would be phased into the system as rapidly as possible. 


5. The SPIN development schedule was: 
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December 1965% Type classification of the 
selected weapon 


January - June 1966 Pilot line production 


June - December 1966 Troop tests with the first 
thousand weapons 


January - June 1967 Initiation of large scale 
procurement 


6. The Remington caliber .223 round common to all of the 
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5.56mm systems was considered inferior to the 7. 52 МАТО standard š 
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round in all respects except that of weight. 
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The 18 August 1965 staff briefing for the Secretary of the 
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Army reviewed briefly the purpose of the rifle, based upon the 
Combat Developments Command ARDFIRE study, and quoted ап ARDFIRE 


conclusion. 


Direct fire weapons are principally used in the 
battle area extending 1,000 meters in both directions ИЕ 
from the line of contact between opposing forces. They = 
are the primary weapons of the close combat arms, infan- E 
try and armor. А close combat element is . . . trained, 
organized, and equipped to operate in direct contact 
with the enemy . . It employs fire and manuever to 
= close with the enemy in combat, tc destroy or capture 
E : the enemy, seize, control or deny terrain to the enemy. 

Е | The direct fire weapon (which for the infantry is the 
rifle) of a manuever force is usually the only weapon 

that сап be empioyed effectively at the crucial point of 
the land battle, i.e., the moment of closing . . . Accurate 
and effective aimed rifle fire is delivered from point 
blank range out to about 400 meters(which distance) is 
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4. on 1 June 1964, DCSLOG had reported SPIW on schedule with a 
type classification date of June 1965, By November 1964 the SPIW 
type classification target date had slipped to December 1967. 
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selected as the maximum effective range of the aver- 

age rifleman, However, well-trained riflemen can deliver 
effective rifle fire at greater ranges . . . о The 
selection of au individual weapon which will best 

fulfill the need of the infantry in accomplishing its 
mission must depend on military judgment of the 

relative value of the weapon characteristics available 

. . . о (Бо include) range, accuracy, lethality, pene- E 
tration of common materials, hit probability, signature 
effect, reliability, durability, transportability, 

ease of training, and cost, 


The ARDFIRE study concluded that che SPIW offered F: 
the greatest advantage to the infantryman but that 
pending its availability the Army should continue to 
rely оп the M14. 
Throughout 1964 and 1965 SPIW had the dominant role as the 
successor small arms or close combat weapon system, The failure 
of SPIW to meet its development schedule was a significant factor 
in the decision to initiate an explicit, articulated small arms program. / 
Three other weapons, or sys tems, had been considered in 1964 as 
primary candidates to succeed the M14 r1 16. 0 
The M16 or АВ15. This was the first of the caliber . 223 


weapons Ко be tested. It was being procured on a one-time basis 


for special forces, airborne, and air assault units only, After 


— see. 


the Army's contract expired, Colt's developed certain attachments 


noe 


and modifications such as a belt feed mechanism for a machine gua 


5. Because of the singular impact of SPIW оп the considerations and 
developmeat of the Army rifle program, an inclosure to this appen- 
dix discusses the history of the SPIW program in greater detail, 


| 
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6. The following subparagraphs, describing and giving the status r š 
of the development of these weapon systems, are based on the 18 
August 1964 Army Staff briefing for the Secretary of the Army, 
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version of the rifle and a 40mm grenade launcher attachment (later 


5 


known as the XM148). These were to be offered for Army evaluation 


along with a number of other grenade launching devices developed 
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іп conjunction with the SPIW program, Тһе belt feed mechanism, 
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however, would not be evaluated by the Army because it was said 
that a caliber .223 weapon did not satisfy the qualitative materiel 
requirements for a machine gun. 2 Results of an evaluation of а 
| modification to permit firing a 2-shot controlled burst were to be 
| | published in the SPIW test reports. 
| 


The Stoner 63 Systen. The Stoner 63 weapon system is a 


generation weapon, configured to fire the same caliber .223 ammuni- 
tion fired by the M16. The system has six configurations: а 


fixed machine gun; tripod and bipod mounted machine guns; an auto- 
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development, which the Marine Corps considered in 1964 as a second | 
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matic rifle; a carbine; and a rifle. All six are fabricated from 


one basic component group with the same operating parts; the proper 
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barrel and stock are selected to build a particular weapon. А 
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brief description of each weapon follows: 
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2 1, The Stoner rifle is a gas-operated, aix-cooled, shoulder- 


id 


fired weapon fed by a 30-round magazine from the bottom of the 
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receiver. It fires semiautomatic or full automatic from the 
closed bolt, with the bolt remaining open after the last round is 


fired, 


7. Та particular, it did not have an effective range of 1,100 
ЖЗ meters, essential; 1,500 meters, desirable. 
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2, The Stoner carbine has the same characteristics as the 


rifle except tnat it has a shorter barrel and a folding stock. 
3. The Stoner automatic rifle is fed by a 30-round magazine 


located on top of the receiver and has a heavier barrel than the 


rifle, It fires from an open bolt (the bolt is open at the ini- 


tiation of each firing cycle) and has only the full automatic fire 
capability. 


4. The Stoner machine gun is a gas-operated, air-cooled wea- 


pon. It can be mounted on a bipod with a stock or on a tripod with 


or without a stock. It can be equipped with a solenoid and trigger 


linkage and fired remotely, ТЕ is belt-fed and fires from an open 


bolt, 


The Army had conducted engineering tests of the Stoner 63 


weapon system for the Advanced Research Projects Agency (ARPA) 


earlier in 1964. At the time, it was undergoing U. S, Marine Corps 


testing and was not in procurement. 


The AR18. The АР18 rifle is a gas-operated, air-cooled, maga- 


zine fed shoulder weapon, and fires the same ammunition as the M16. 
ТЕ is capable of either semiautomatic or full automatic firing. A 
hínge-type mechanism allows the buttstock to be in a firing posi- 


tion or in the folded position. ТЕ is provided with a charging 


handle for aid in loading, unloading, and clearing of malfunctions. 


Sheet metal pressings (stampings) and automatic screw machine 
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operations have been used wherever possible. Milling operations 
have been held to a minimum. The metallic components have been 
fastened together by spot welding wherever practicable, Armalite, 
the manufactuer, had pushed the development of this weapon because 


its simplified production engineering led the company to hope 


: that it could ВЕ produced at low cost in developing nations. 

Prelude to the SAWS Study 

In response tc the analysis presented in the briefing on 18 
| August 1964, the Secretary of the Army directed that а study ђе 
prepared, aimed at supporting a proposal to the Secretary of 
Defense that M14 rifle procurement be ЗЭЭЛЖ Chief of Staff 
Memorandum (CSM) 64-341 on 21 August assigned responsibility to 
DCSLOG and ACSFOR for resumption of limited production using one 
production facility, and citing the advantages to be gained in 


terms of readiness and cost and the renewed availability of M1 


rifles for the Military Assistant Program (МАР). The study was also 
to include a discussion of arguments that might be used against 
this course of action. 
Оп 12 August 1964, the Commanding General, 0, $. Army Materiel 
Command (USAMC) informed the Chief of Research and Development (CRD) 
that in his view the type classification date for the SPIW would 


slip from December 1965 to January 1967. The CG, USAMC based his 


opinion upon the most recent performance of the test prototype 


8. CSM 64-341, 21 August 1964, The Army Rifle Program. |. 
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weapons, which had indicated a high malfunction rate and an 
unacceptably high noise level, and upon the yet unfulfilled need 


9/ 


for a workable muzzle brake. The Chief of Staff was informed 
of the 5РІМ slippage on 21 August 1964. 

On 2 September 1964, ACSFOR submitted a fact sheet to the 
Chief of Staff with a description of the Stoner 63 weapon system 
and itscurrent status, noting the limitations of the system cited 
by the U, S, Army Weapons Command (USAWECOM), These limitations 
were insufficient barrel life, belt pull too light, stock break- 
age while launching grenades, insufficient operating energy under 
adverse conditions, and unreliable tracer functioning in the machine 
gun. 

In November 1964 а DCSLOG study of М14 rifle procurement in 
response to CSM 64-341 concluded that, as a minimum, procurement of 
M14 rifles was necessary to fill the expected deficit at the end of 
fiscal year 1970 and to initiate a commercial hot base. Та the 
event of further slippage in the schedule of the SPIW, procurement 
of М14 rifles to equip the Selected Reserve might become necessary. 
DCSLOG recommended approval of procurement of 100,000 M14 rifles in 
the fiscal year 1966 budget V 


On 6 November the Deputy Director of Defense Research and 


Engineering (DDRE) expressed to the Chief of Staff the Department 


9. CRD Summary Sheet to the CofSA, 21 August 1964, Cancellation of 
NATO SPIW Demonstration. The summary sheet was approved by the 
Acting VCofSA, 27 August 1964. 


10. PDCSLOG Summary Sheet, November 1964, Study on Procurement of №14 
Rifles, withdrawn, 12 November 1964. 
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of Defense view that the Army was resistant to the Stoner weapon 
family, had a closed mind about it, and had been dragging its 
feet with respect to the system, The Chief of Staff replied that 
the Army has a basic doctrinal problem: "We must first determine 
what is the purpose of the rifle and then what do we want it to 
do." Following this exchange, the Chief of Staff ordered that 
directives be prepared to the Army Staff, Г, $. Continental Army 
Command (USCONARC), USACDC, and USAMC to include the following: 
(1) tighten the doctrinal bases for the rifle and machine gun; 
(2) establish the QMR, and follow it by the military characteris- 
сісѕ needed; (3) concurrently conduct a thorough test of the 
Stoner weapons family in order to get the data needed in advance 
to measure against the military characteristics, which will be 


determined later. РУ 


On 10 November 1964 the Chief of Research and Development 
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that the "not invented ћете" (NIH) problem was а 
real one and was recognized as such by the Army Staff. However, 
it was his expressed opinion, despite allegation and inference to 
the contrary, that NIH was not the real reason behind the Army's 


position or actions with regard to the Stoner and АК15 rifle 


systems. It was rather that in these cases the Army had real 


11, SGS Memo for Record, 6 November 1964, The Army's Rifle Program. 


12. CRD Memo for the VCofSA, 10 November 1964, Army Opposition to 
Outside Proposals, Tais memo expanded on the CRD's comments at a 
7 November 1964 meeting on small arms. 
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doubt about the wisdom of developing and buying the 

proposed item or system for one or more of the following 

reasons: (1) no valid requirement existed; (2) design capabili- 
! ties of the proposed design system were dubious; (3) test results 


_ had been unsatisfactory; (4) item or system was not compatable 


о, пуши 


with Army doctrine and other existing systems. 

Because the Secretary of the Army was to be briefed on the 
Stoner weapon system by the Marine Corps on 12 November and because 
of recent activity concerning the Army small arms weapon program, 
the Chief of Staff wrote the Secretary оп 11 November: 


i believe that it would be useful for me 
to bring you up to date on what has transpired 
and also to make my views known prior го the time 
that vou hear the (USMC Stoner) presentation. 
The Vice Chief of Staff had met with appropriate 
members of the staff to discuss the Army rifle 
program generally and specifically how we intend 
to cope with what was beginning to shape up as 
an all out effort by the Marine Corps to sell the 
Stoner system. After the Marine Corps had 
briefed Mr. Vance (then Deputy Secretary of Defense) 
on the Stoner system, the Deputy DDRE asked to 
д see ме сп the subject. I met with him on 6 
November. The essence of his remarks was that 
the Department of Defense considers that the Army 
has a closed mind on the Stoner system and has 
- been dragging its feet. You will remember that 
after you were briefed on the Army rifle program 
on 18 August, you asked the staff to study the 
overall rifle situation in order to determine 
whether a limited procurement of the M14 rifles 
in FY 66 could be justified. DCSLOG has completed 
its study, and І cannot recommend that we buy 
in 1966. Аз a matter of fact it now looks as 
though our assets vs requirements picture remains 
good through FY 1967. 
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In summary, I believe that we can and should 
completely re-evaluate our small arms weapons 
program, starting with a review of doctrine. 

Our posture is such that we can afford to take 
this action over the next year or two with a 
minimal risk. Only by such a deliberate and 
thorough approach will I be confident that our 
small arms weapons program reaching into the 

70's will be on firm footing. I am hopeful that 
the Marine Corps will subscribe to this approach, 
will monitor our efforts as they habitually do, 5 
and will not attempt to precipitate an early 

decision which could prejudice the future combat 
effectiveness of both the Army and the Marine 

Corps. General Greene nas given me oral assurance 
that he does not intend to pursue a course 

that diverges from that of the Army at this point. 13/ 
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The SANS Study 

The complete re-evaluation of the Army's small arms program 
that the chief of Staff, Army (CofSA), had recommended to the 
Secretary of the Army on 11 November was formalized the next 
day. CSM 64-484 directed the Army Staff to initiate a review 
and evaluation of the Army Small arms Weapons Systems (SAWS), 
to include study of doctrinal employnent and desired characteristics, 
test and evaluation of existing weapon Systems, and analytical 
evaluation of weapons under development or feasible within the 
time frame, 1965-1980. The object was to develop the necessary 
analytical background upon which to base a program for replacement 
of existing stocks of small arms as the inventory dropped below 
requirements, or replacement of the inventory with weapon 


families of demonstrated superiority over all other families, 


13. CofSA memo for the Secretary of the Army, 11 November 1964, Army 
Small Arms WeapovsPrograu. 
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based upon cost effectiveness considerations. The memorandum 
further stated that the review must not be limited by present 
commitments, agreements, or doctrinal dogma, but must be of 
sufficient breadth and comprehensiveness to serve as a basis 

for the re-establishment of an Army position on small arms 
families. “It must be based on a dispassionate analysis of those 
factors which can be quantified, coupled with unbiased judgment 
applied to those factors which cannot be quantified." 

Army Staff responsibility was assigned to ACSFOR, whose 
first task was publication of a detailed directive. This directive, 
CSM 64-555, provided the following additional guidance: 

Wherever current doctrine of the tactical 

employment of small arms would seem to rule out 

consideration of a particular small arms weapon 

system, it will be carefully re-examined and if 

necessary new doctrine applicable to the particular 

system deveioped. 

The comparison of small arms weapon systems 

must be based on both technical and tactical considera- 

tions which exploit fully the special characteristics 

peculiar to each system. It is conceivable that 

new and improved doctrine for the employment of 

small arms will have as much influence on the 

choice of a small arms weapon system as the techni- 

cal characteristics of the weapons themselves. 

The Small Arms Weapons System (SAWS) Study was conducted 
by USACDC with the assistance of USAMC, USCONARC, and major 


overseas commands. Overall responsibility for conduct of the 


study -- to include the development of feasible alternative 
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courses of action that the U.S. Army could pursue, together 


йам 


with a description of the implications of each course of action, 


wn A 


ТЕ 


and recommendation to the Chief of Staff of thecourse of action which 
promised to accomplish best the Army mission -- was assigned to the 
United States Army Combat Developments Command Infantry Agency 
(USACDCIA) at Fort Benning, Geergia.14/  USACDCIA tasked appro- 
priate agencies for the following: 


1. Engineering and Service Tests: United States Army Test 
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and Evaluation Command (USATECOM). 
2. Troop Tests: USCONARC; United States Army, Europe; 
United States Army, Pacific; United States Army, Southern Command; 


and United States Army, Alaska. 


3. Field Experimentation: United States Army Combat Develop- 
ment Command Experimentation Command (USACDCEC). 

4. Computer Simulation of SAWS: Combined Arms Research 
Office (CARO). 


5. Weapon Systems Data: Ballistic Research Laboratories. 


ry 


6. Procurement and Cost Data: USANECOM. 

These substudies and USACDCIA locally generated inputs, such as 
doctrinal and organizational considerations, were synthesized into 
the USACDCIA main study and annexes.  USACDCIA accepted the Essential 
Elements of Analysis (EEA) developed by DA as a basis for structuring 


its final report, All EEA were not explicitl y addressed by empirical 


14. USACDC SAWS Directive, 5 March 1965. 
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testing or quantitative analysis because some were not amenable to 
such treatment; but all were at least subjectively addressed in 
the course of the study, | 

Consistent with the directive to consider hardware and 
prototype weapon systems and feasible designs for such systems, 
the Infantry Agency conducted hardware (engineering and service 
test) evaluations on the XML6EL, Stoner, Armalite АЮ18, and 
Harrington and Richardson caliber . 223 rifles; the Colt and 
Stoner automatic rifles; the Colt submachine gun ‘now designated 
the ХМ177Е1); the Stoner carbine; the Stoner, M60 and M73 machine 
guns; and the M14 and М14Е2 rifles. Computer and parameter design 
analysis evaluated the Springfield Armory and AAL ӨРІМ and 
universal machine gun (MC) systems; the 13mm and 20mm CyYro jet 
systems; the AVROC 5-20, 8-20, and 25-40 systems; and parametrically 
designed 0.65 15-всс, 1.2 lb-sec, and 2.6 lb-sec impulse weapon 
systems, 15/ 

The scope of the SAWS Study was described in broad terms 
ав: 


1, А comparison of small arms weapon systems 
by characteristics and performance. 


2. A doctrine study of the way infantry uses 
small arms at platoon and squad level, 


3. An analysis of the relationship of small 


arms weapons to organization at squad, platoon, 
and company level, 


15, 05АСУС SANS Study, August 1966, 
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4. The impact on training of the candidate 
system. 
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5. The impact of the candidate system on 
the individual load of the combat infantryman. 
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6. An analysis of the advantages and dis- 
advantages of commonality of parts and ammunition 
іп a small arms weapon family. 
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7. А comparison of the effectiveness of 
n families and selected feasible mixes of 
"St гс squad and pletoon level. 
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8. A cost and logistical comparison of the 
candidate weapon systems. 


9. An analysis of the political and psycholo- 
gical impacts of the adoption of а new weapon 
anil 


10. An analysis of feasible aiternative 
courses of action which the U.S. Army might pursue 
to accompiish the Акту mission.i2 


Ы — оон nd 


USACDCIA developed its study recommendations by placing 


primary reliance on the CARC computer simulation, the assumed 


availability of SPI in 1970, the 1945 Army Materiel Plan (АМР) 


assets-requirements balance, and a concept of "selective moderniza- 


tion." The policy of selective modernization envisaged replacing 


one-third of the total small arms inventory every seven years, 
with priority for allocation of new weapons going to combat units. 


The principal USACDCIA recommendations of the SAWS Study were: 


1. Procure no additional rifies beyond those 
ХМ16Е1 rifles currently on order until SPIW becomes 
available in 1970. 


16. USACDC SANS Study, August 1966, Section I, pages 3-4. 
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2. Initiate а program of selective moderniza- 
tion by procuring SPIW, when available, in sufficient 
quantities to replace rifles, automatic rifles, 
and grenade launchers for infantry maneuver units 
only (approximately 192,000). 


3. Retain the M60 as the future infantry 
machine gun until the universal machine gun is 
developed, about 1972. 


4. Improve the effectiveness of SPIN in the 
automatic rifle role or adopt the UMG with a 
bipod mount to this role. 


5. Continue development of the UNG to make 
it at least as effective as the M60, while preserving 
the weight-saving of the current conceptual UNG 
design, and then in 1972 replace all machine 
guns with the MG. 


6. Initiate and fund a vigorous research and 
development program zor the purpose of (a) develop- 
ing caseless ammunition by 1976 with improved 
projectiles for use in a redesigned SPIW with а 
further improved area fire capability; and (b) 
discovering or developing a new iethal mechanism per- 


mitting design of radically different small arms 
systems. 
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7. 1а 1976 continue the program of selec 
modernization by procuring 500,000 SPIW rede 
to utilize caseless ammunition. About half 
these would have the area fire capability an 
would not. 


The secondary recommendations of the SAWS Study were: 


1. Develop a method of measuring in actual 
test firing the combat effectiveness of platoon 
weapon mixes. In particular, assess the inter- 
relations between different types of weapons in a 
conventional mix and assess the value of fragmenting 
rounds in comparison with conventional ball projectiles. 
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2. Establish а program to develop a comprehensive 
and detailed computer simulation model for evaluation 
of two-sided small arms engagements more accurately 
than was possible with the computer model used in the 
current study. 
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3. Procure and issue 7.62па duplex amaunition 
to complement the M80 cartridges already in the inven- 


cory. 
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4. Reduce the cost of small arms ammunition 
сї current end conceptual systems. 


5. Monitor rocket-type small arms systems 
continually to permit exploration of any inherent 


2 7/ 


military potential. 


Behind these recommendations was the substantive conclusion 


that among weapons currently in the inventory, the 5.56mn 

weapons were better for use in low intensity warfare, such as that 
encountered at the time in Vietnam, whereas the 7.62mm weapons 
were more effective in high or mid-intensity warfare, such as that 
which would be encountered in Europe. This conclusion was mainly 
derived from the computer simulation. 


А study review by Headquarters, USACDC modified the Infantry 


Agency's study recommendations in several instances. 


Rifle Procurement. ап increase in stockage 
objectives or significant decrease in assets by 
combat loss or wear-out, requiring an additional 
buy of rifles before 1970, should be satisfied 
by purchase of ХМ16Е1 weapons. 


Adoption of SPIW. Final decision to adopt 
and field SPIW must be contingent upon results E- 
of further experiments and tests. It is under- S 
stood that some difficulty is being experienced 


, pages 9-11. 
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in current SPIW comparative evaluation testing 

by U, S, Army Materiel Command. To be acceptable, 
SPIW should essentially equal the theoretical 
capabilities used in this study. 
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Automatic Weapous. The need for ап automatic 
weapon in the squad is recognized. This recommen- 
dation does not exclude from consideration weapons 
other than the UMG and SPIN. 
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General. While the 7.62mm systems do provide 
advantages over the 5,561 systems against materiel 
targets, the intensity of conflict is not a sound 
basis for a clear choice between two weapons. 

Àn environmental distinction, giving due considera- 
tion to terrain, existing built-up areas, and 
estimated equipment resources of the enemy offers 

a better basis for choice. This minor advantage 3 
offered by the 7.62mm system does not, of itself, 
warrant the maintenance of two different small 
arms weapon systems in the inventory. It is the 
position of this command that the total SAWS Study 
does indicate that the 5,56mm rifle offers the 
most promise for improved capability for the money 
spent . . , the concept of selective modernization 
is an excellent idea whereby the Army takes deli- 
berate advantage of progressive improvements in 
small arms. Every reasonable effort should be 5 
made to insure that Army units are equipped with | 20 
the best possible weapons. To this end, the in- 
dicated timing must not become a constraint; 
advances in the state-of-the-art must be taken 
advantage of as they o cur. 
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The variance between the recommendations of USACDCIA study and | E: 
those of Headquarters, USACDC resulted in part from the USACDCIA 
assumption of the availability of SPIW in 1970, whereas USACDC, 
indicated a need for some caution regardiug such ап assumption. 
USACDCIA had to employ the 1965 Army Materiel Plan for require- 


ments and asset guidance, although the plan was necessarily 


18. USACDC Letter to ACSFOR, 30. August 1966, Army Small Arms Weapons |. 
Systems (SAWS) Program; which transmitted the USACDC SAWS Study, 
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Somewhat outdated at the end of the study, There also were unre- 
solved questions about the effectiveness and cost measures empha- 
Sized or employed by USACDCIA in its report. On effectiveness, 
only the Combined Arms Research Office computer simulation and 

the USACDCEC field experimentation attempted to define and employ 
measures of operational effectiveness. These two efforts arrived 
at divergent conclusions, and USACDCIA relied mainly on the results 


of the computer simulation. 
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The SAWS Study was submitted to the Army Staff 30 August 1966 


and reviewed by the Staff and by the Force Planning and Analysis 


a 


Office (FPAO) within the Office of the Chief of Staff, Army, 
The Small Arms Program, 1964-1965 


During the two-year period following the decision in November 


1964 to undertake the comprehensive SAWS evaluation, the SAWS 


3 
5 
: 


Study dominated all discussion of the Small Arms Program, SPIW 
development continued during this period (see Inclosure) and the 

M16 continued in procurement. M16 product improvement actions were 

of major concern, as was expanded weapon and ammunition production 
capability. A 30 August 1965 Office Chief of Staff Memorandum 
responded to the Chief of Staff's request that a review be conducted of 
the Inspector General's investigation resulting from allegations 

made concerning the M16 (AR15) and М14 comparative evaluation 


conducted in 1962-63. The review was to provide information on the 
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comparative evaluation and the decision to procure the M14 and M16, 
the factors leading up to the Inspector General's Investisation, 


results of the investigation, and significant events subsequent 


sip uud КОЛО uil E. 99 tur rue del! y 


to the investiagation which would bear on a decision to procure 
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additional M16 rifles ,19/ At this same time ACSFOR was conducting 


: 2 
a study to determine requirements for future М16 procurement U 


Analysis of the SAWS Study E 
The Force Planning and Analysis Office conducted an extensive : 
review and evaluation of the Small Arms Weapons Systems Study i 
with particular attention devoted to the source documents, 1 
The SAWS: Study recognized =. that the candidate small arms | 
weapons differed in degree of development, design concept, phy- | 
3 


sical and operational characteristics, projectile types, and 
terminal effects, and that the adaptability of a particular weapon 
system or weapon family to a battlefield role would be influenced 
chiefly by the engineered capability of eack weapon. This 


capability in itself should not be the sole determinant of the 


combat effectiveness of the system or family, "Knowledgeable 


authorities agree that there are interactions between weapon 
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19. ОСоЕЗА memo for the CofSA, 30 August 1965, Review of M16 
Inquiry of 1962-63. 


20. ACSFOR Summary Sheet, 21 April 1965, Army Requirements for 
the M16 Rif la. 


21. USACDC SAWS Study, August 1966, Section I, page 1. 
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technological features, user physiological limitations, and 
tactical use and support of the weapon system which, when grouped 


with other weapons in a tactical unit, determine the overall com- 


, ВАС аан лыг of a weapon system or family," Further, adop- 
tion of апу new weapon system that may appear technically favor- 
able, without examination of these interactions and without com- 
parison with the capabilities of other candidate weapon systems, 
could have a detrimental effect on the operations of the United 


States Army. 


While the SAWS Study had provided much needed information 


and a sound basis for some decisions on current small arms weapon Е 
alternatives, FPAO's review of the SAWS Study revealed that (1) 
there were gaps in the Army's basic knowledge on small arms which 


could be remedied by additional fundamental research work; (2) the 


Army research and development effort to provide successor small E 
arms weapons needed to be broadened, to be continuous, and to be | 3 
deliberate; (3) а better interface between USAMC and USACDC at 
the technical and systems management levels was required, 22/ 
The SAWS Study amassed large quantities of data, most of 


which were left unanalyzed or only partially anaíyzed, Thus it 


was, that while providing much valuable information on which 
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22. See CSM 67-96, 8 March 1967, Army Small Arms Program. 
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significant decisions could be based, tha SAWS Study did not, 
! in fact, develop the necessary analytical background upon which 

to base a program for replacement of existing stocks of small arms 
! as the inveutory dropped below requirements, or for the introduc- 
tion of weapon families of demonstrated superiority over all other 
families, based upon cost-effectiveness considerations in the time- 
frame up to 1980, Nor did the study provide for an evolutionary 
program for small arms oriented toward improvement of current sys- 
tems aud development of new systems against future requirements, 


together with improved evaluation criteria and methods, and more 


complete analytical data upon which to base future decisions.  SAWS 


was a first effort in this direction, and left the next step in 


the development of the Army Small Arms Program to subsequent 


action. 
The Chief of Staff's Decision on the SAWS Study 

In October 1966 the Chief of Staff reviewed the USACDC SAWS 
Study, the DA Staff position, and the FPAO review and evaluation. 
The Chief of Staff's decisions were discussed with Staff princi- 
pals on the 26th of October, and were formalized in two memoranda 
-- CSM 66-485, published 7 November 1966, and CSM 67-96, published 


8 March 1967. 
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CSM 66-485, containing the immediate time-frame directives, 


stated: 


The XM16El rifle will be adopted as the standard 
Army rifle and will be reclassified as Standard A. 
The M14 and M14Al rifles will remain Standard А 
initially. The Authorized Acquisition Objective 
(AAO) for rifles and automatic rifles will be 
computed on the ХМ16Е1, rather than on the M14 
and М1441. 


Pending the completion of . . . field experi- 
mentation . . . the XM148 grenade launcher vill be 
issued as the companion grenade launcher for units 
armed with the XM16El rifle. Concurrently, action 
will be taken to improve the design of the XM148. 


The Colt carbine/submachine gun will be 
adopted in lieu of the XMI6El rifle in those 
cases where use of the ХМ16Е1 rifle is impractical 
as the indiv? -ual weapon. : 


A companion automatic rifle will not be 
adopted. 


The M60 machine gun will be retained until an 
impreved machine gun is developed and adopted. 
Evaluation of the 5.56mm machine gun will continue. 


The development cycle of the SPIW will be 
reoriented to the status of exploratory development 
and become a part of a broadened small arms 
research and development program for the future. 


The overall procurement objective is a single- 
family (rather than a multifamily) small arms weapons 
inventory based on the Colt 5.56mm individual 
weapons and, for the present, the M60 machine 
gun; and the first objective will be eliminate 
at an early date the caliber .30 family of infantry 
weapons. 


Product improvement . . . will be incorporated 
in the new production of ХМ16Е1 rifles and 5.56mm 
ammunition. 
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future small arms weapon development. 


The 7.62mm duplex ammunition will not be produced 


for other than development purposes at this time. 


The purpose of CSM 67-96 was to provide guidance for the 


formal establishment of the Агму Small Arms Program and for 


Improvement in design and performance of the 
Army's current small arms system, within existing 
technology, to increase effectiveness. 


Continuous investigations and/or development 
of new techniques, machines, procedures, and/or 
materials which will provide a reduction in the 
unit cost of small arms ammunition and grenades. 


Studies, field experimentations, tests, and 
evaluation to establish, validate, or develop small 
arms data, doctrine, or concepts which are required 
to improve effectiveness or utilization of current 
small arms systems and to provide a more valid 
basis for the development of new systems. 


Research and development effcrt designed 
to identify new approaches or lethal mechanisms 
which could be more effective than conventional 
approaches in fulfilling the role of small arms 
systems. 


CSM 67-96 called for: 
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4 С. The Army Small Arms Program 


: Оп 26 January 1968 the Assistant Chief of Staff for Force 


Development wrote the Army Staff, USAMC, USACDC, and USCONARC: 


, . + + the army Small Arms Program. . is 
hereby established as a means to direct and 
coordinate the research, development, and product 
' improvement efforts o£ the Army in the small arms 

area, as well as investigative efforts as to quali- 

tative requirements for small arms weapons or 

weapon features, and to provide a coordinated 

system of priorities of effort with corresponding 

budgetary allocations and planning figures. 

The Army Small Arms Program (ARSAP) coordinates by means 
of periodic conferences and compilation o£ task resumes, the 
research and development, procurement, and product improvement 

Š of all small arms, caliber .60 or smaller, shotguns, and 
infantry grenade launchers. 

The objectives of the ARSAP are in consonance with, and 
seek to make explicit with reference to small arms, the general 


objectives of the Army Strategic Plan (ASP), the Army Force 


Development Plan (AFDP) and the Combat Developments Objective 


mar — 


Guide (CDOG). The ARSAP objectives are divided into four 
А categories: (1) short-range objectives, directed toward 
Сон | product improvement of current systems and the introduction of . 
equipment within the next five years to meet currently identified 


š requirements; (2) mid-range objectives, aimed at development 


of systems to meet the projected threat five to ten years hence 


~“ 


23. ACSFOR Latter to the Асау Staff and others, 26 January 1968, 
Army 5са11 Arms Program. 
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(the Army іп 1975); (3) long-range objectives, the develop- 

ment of systems to meet the projected threat ten to twenty years 
hence; and (4) continuous objectives, the continuous research, 
evaluation, study, and experimentation required to identify and 
resolve data gaps, reduce ammunition cost, increase effectiveness, 
and develcp new lethal mechanisms. 

The Army Small Arms Program will establish a more deliberate 
and coordinated effort for the improvement and development of 
small arms systems, The program requires an immediate effort to 
identify gaps in data essential to future development, followed 
without delay by a data collection plan to fill the gaps. On 
the basis of the broad data base thus developed a plan for research, 
experimentation, and computer simulation studies will be required 
to determine trade-offs associated with interrelated weapon 
system characteristics in terms of combat effectiveness. A 
clear understanding of the trade-offs involved will facilitate 
updating the Qualitative Materiel Development Objectives (QMDO's) 
and Qualitative Materiel Requirements (QMR's) and will provide 
more timely guidance for product improvement or further development 
efforts. New gaps in data uncovered during this process will 
initiate another cycle of data collection, trade-off determination 


and successive revision of the QMDO's and QMR's. Such successive 
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reviews should insure that requirements documents reflect the 
most current thinking, based on the best factual data and the 
most accurate estimates of the state-of-the-art in small arms 
weaponry. 

The Army Small Arms Program directs the review of small arms 
matters in the form of a standard recurring analysis cycle, made 
explicit by establishment of a semi-annual small arms conference. 

It assigns specific tasks to be accomplished by major 
commands, indicates the estimated timing for accomplishment of 


assigned tasks, and identifies the funding required and programmed 


for accomplishing these tasks. 


The central portion of the program is the compilation o£ 
tasks, presented by time-oriented objective with priorities and 


funding levels. 


Short Range Obiectives 


Product improvement tasks are directed for evaluation of 
multi-part caliber .38 and caliber .45 pistol rounds; М16А1 
weapon system components, to include muzzle brake compensator 
and tuo-round burst control device: M60 machinegun redesign 
as the М6ОА1, improvement of M198 7.62mm duplex ámmunition 
production engineering, lethality of the M80 7.62mm ammunition, 
and range effectiveness of the M62 7.62mm tracer ammunition; 


re-evaluation and definition of the QMRs for machineguns on armored 
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vehicles, especially with respect to the М73 7.62mm tank mounted 
machinegun; grenade launcher attachment development, alternative 
methods of launching grenades, advanced development of a 40mm 
disposable barrel cartridge area target ammunition (DBCATA), 
development of a family of 40mm cartridges, and considera- 
tion of special purpose weapon systems, currently low noise- 
level weapons, shot-guns, and sniping equipment. 

Tactical and technical studies are included to address the 
requirements for sniping as a contribution to combat effectiveness, 
and data on hit probabilities using "quick kill" techniques for 


close range - short exposure targets. Experiments, evaluations, 


and simulations will address analysis of the tactical value of 


machine guns in squads and platoons equipped with automatic 
rifles, the effectiveness and utility of the SPIW and of automatic 
rifles, 


the effectiveness and utility of the SPIW and of automatic 


40mm grenade launching systems. 
Mid Range Objectives 

Research and exploratory development effort is devoted to 
a serially-fired, fin-stabilized projectile rifle (the SPIW 
prototypes), to a serially-fired, spin-stabilized projectile 


rifle, to a multiple-projectile, fin-stabilized rifle, and to 


flechette cartridge producibility. 
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Tactical and tecnnical studies are scheduled to investigate 


human response to pulsin; auditory inputs of both potentially 


hazardous and non-hazardous types, to collect data on target 


Suppressive effects as a function of miss distance and on target 
acquisition by the rifleman as a function of range and activity, 
end to evaluate standards, controls, and criteria for the reliability 
and effectiveness of small aras. 
Long Range Obiectives 

The Army Small Arms Requirements Study (ASARS) I vill establish 
measures of effectiveness, and the importance of small arms 
relative to supporting weapons in casualty production, and vill 
identify types of weapon mixes applicable to the Army in 1985. 
À follow-on study, ASARS ÍI, will relete data on the contribution 
of small arms weapon characteristics to overall combat effective- 
ness. The stated purpose is to permit valid assignment of reiative 
importance values to each characteristic in a set of QMR's for 
a future follov-on small arms weapons (oriented toward the Army 
in 1985). А computer simulation will be accomplished only if 
a valid model can be established. 
Continuous Objectives 

Research and exploratory development efforts on a continuing 
basis are included in the current Army Small arms Program for 


the following items: rifles pistols; machine guns; grenade 
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launchers; individual components of small arms systems, such as 
barrels, springs, ammunition, projectiles, and muzzle devices; 
interactions of small caliber weapons and their mounts; interior 
ballistics; exterior ballistics; wound ballistics and improved 
lethality, and anti-materiel penetration; tracer studies; development 
and application of improved testing techniques and equipment; 
and evaluation of unsolicited proposals. 

Continuous tactical and technical study effort is directed 
toward systems analysis for the small arms program and collection 
of data on foreign and free world small arms development. Other 
continuous tasks address the dissemination of procurement information, 
industry orientation meetings, ard updating the small arms 


QMDO's and QMR's. 
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р. The First Small Arms Conference 
By letter to the Department of army Staff, USAMC, USACDC, 
and USCONARC, the Assistant Chief of Staff for Force Development 
(ACSFOR) announced that the First Small Arms Conference wouid be 
held at Fort Benning, Georgia, 26 - 29 February 1968, under the 
chairmanship of an ACSFOR action office This meeting was the 


first in the series of semi-annu2l conferences, called for by 


the ARSAP for the purpose of providing coordination of Army small 


arms activit’ . The specific purposes of the February 1968 
meeting were co review and refine task descriptions and funding 
requirements. The discussions and decisions of the First Small 
Arms Conference are reflected in the revised edition of the army 


Small Arms Program, which was published оп 19 April 1968, 


and in the assessment of the ARSAP in the next section. 


24. ACSFOR Letter to the Army Stafi and others, 8 February 1968, 


Army 5па11 Arms Conference. 
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E. Assessment of The Armv Small Arms Program 


BLUE 


With the promulgation of the Army Small arms Program (ARSAP) 


in January 1968, the Army has established a formal, integrated, 
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and thorough program to direct and coordinate the research, 


5| 


development, procurement, and product improvemeit of small arms 


weapon systems. The program is established, but, like other programs, 


will not eliminate nor solve future problems, until it becomes 


truly viable in each command and at each echelon, which of 
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necessity requires time 22 Assessment of the ARSAP is split into 


three parts: orientation, management, and component tasks. 


The component tasks portion is, in turn, directed toward the major 


decisions announced by the Chief of Staff on 7 November 1966 in 


yate o deadly 


CSM 66-485: the ML6Al rifle, 5.56mm machine gun development, 
the M73 machine gun, grenade launcher evaluation, and basic user 


data collection. 
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The basic philosophy underlying the ARSAP is that weapon 


development must be a continual effort. Weaponry state-of-the-art 


25. For example, not until fiscal year 1970 vill it be 
possible for the research and development funding portion of the 
ARSAP to be in phase with the normal budgetary cycle. 
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makes moderate advances, and only rarely, can significant technolog- 
ical breakthroughs be accomplished. To be prepared to meet 

threat contingencies and to exploit technological developments 

as they occur, the United States Army must continually monitor 
technical improvements for its weapon systems. At the same time, 
effective weapon systems must be in the hands of troops. Such 
Systems represent the successful integration of various component 
parts, each fully developed to the point of production, not just 
engineering, prototypes. 

The ARSAP approaches this requirement, in practical terms, 
by specifying tasks for accomplishment with respect to short-, 
mid-, and long-range time frames, where the short-range time 
period is the immediate present, and the long-range is ten 
to twenty years into the future. Such an expression of time- 
frame oriented objectives allows for the smooth transition from 
long-range to short-range objective of a given task with the 
passage of time. Overlapping the time-frame orientation is a 
group of tasks, called continuous objectives, directed toward 
continuing exploratory development of weapon system components, 
small arms systems analysis, and evaluation of requirements 
statements and doctrine. 

Of fundamental importance, as evidenced by the interrelated 


history of the SPI and the М16А1 programs, is the absolute necessity 
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to maintain the time-frame flexibility represented by the initial 
version of the Army Srall Arms Program. No future development 
should look so tempting that the Army fixes solely; or even 
primarily, on it, to the detriment of the development of other 
systems or concepts. Similarly, the ARSAP must not become 
geared to arbitrary conceptulization of target dates (such as 
the Army in 1975 or 1985) for the introduction of future systems. 
The expression of its objectives must remain dynamic. Also, 
the longer range objectives must not be overlooked. These generallv 
Will be less well defined than those nearer at hand, but they 
will have just as great a need for funding and Laboratory support, 
because without investment in the long-range research of today, 
tomorrow's advances cannot be made. 
Management 

Management represents the principal problem area in the Army 
Small Arms Program. Basically, the program is managed by funding 
authority, but this is indirect management. There are also the 
problens of management continuity and funding priority. The 
stated scope of ARSAP uses the phrase "manages, by means of 
periodic c. ferences .26/ However, in the absence of daily, 
direct line authority, it would be more appropriate to use the 


term "coordinates." The periodic conferences provide for user 


26, The army Small Arms Program, 1 December 1967, page 1. 
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and developer interface, allo лоп of funding priorities, coordina- 


tion of development effort - identification of required research 


activity. Yet, the need ior these is continual, not just semi- 
annual. The program do-s not assure interface between Army com- 
ponents between conferences. This fact makes the job of the ARSAP 
chaírman (the ACSFOR representative) especially fundamental, as he 
must be the link between ali participants in the small arms pro- 
gram, The ACSFOR representative is, in effect, the Department 
of Army small arms action officer. On the other hand he is a 
single action officer with other responsibilities, Like other 
Army Staff officers, he is subject to frequent reassignments: 
The workload of other activity and the potential for discontinuity 
in the ARSAP chairmanship highlight the fragile nature of the ARSAP 
management structure. 

Funding limitations also threaten coherent execution of the 
Army Small Arms Program, In time of fund restrictions, a natural 
inclination is to discount the future effect of curtailed activity, 
by maintaining 100 percent funding of near term projects and 
approaching zero percent funding surplus, such an approach invites 


atrophied long-term effort, With careful analysis, the near-term 


and far-term benefits must be weighed on a realistic basis, when- 
ever choices are to be made among task and funding priroties. In 


the ARSAP the choice between near-term and far-term objectives is 
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made in the listing of priorities, together with guidance for adjusting 


ARSAP activity when other priority efforts preclude or slow an assigned 
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task. The provision for time~phased development is one of the signifi- 


cant accomplishments of the ARSAP, Any change in the time-phasing of 
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a sub-task affects the overall task and program, and therefore, should 
be reported to ACSFOR in order to avoid delays and wasted effort. 
However, there is no requirement to report the ARSAP task revision to 
the ACSFOR coordinator. 
Component Tasks 
The content of the Army Small Arms Program is the compilation 
and publication of the task statements. The following paragraphs 
assess the major tasks formulated in response to the Chief of Staff's 
guidance at the time formulation of the ARSAP was Әігессей,22/ 
These tasks are the М16А1 rifle, the 5.56mm machinegun, the М73 
machinegun, grenade launcher evaluation, and basic user data collection. 
Ml6Al Rifle. Four prototype stock drawings vith a cavity for 
rifle cleaning equipment have been developed. Based on design 
drawings, two have been selected. These drawings are being combined 
into one drawing from which prototype stocks for field testing in June 
1968 will be produced, Another ARSAP task addresses М1641 product 


improvement in general. 


27. See CSM's 66~485 and 67-96. 
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5,56тт Machine Gun. Despite the direction in CSM 66-485 to 


continue development of a 5.56mm machine gun, there has been little 
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or no activity by Army agencies. The U.S. Marine Corps has continued 
interest in the Stoner 63A weapon system, and together with the 


Army launched an evaluation of the light machine gun in January 
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1968, 28/ The ARSAP in February 1968 said of a new small bore light 
machine gun only 


Conduct feasibility studies of a 5.56mm, or 
smaller, successor for the M60 machine gun. 
Employ new concepts to eliminate sensitivity to 
variables inherent in normal ammunition produc- 
tion. Explore appropriateness of 5.56mm 
destructive potential, including possible use of 
heavier projectiles, in comparison vith lethality 
required for Light Machine Gun зиссеззог.29/ 


1 8 teer eet 


id 


E Pot nocuit діні isl 


No money was programmed for this effort in the fiscal year 1968-71 


time period. Yet, two sub-tasks involving feasibility studies of 


a 7.62mm successor to the M60 machine gun were programmed for 


$40,000 in fiscal year 1969, and $80,000 in fiscal year 1970. 


= 


The U.S. Army Ballistic Research Laboratories, however, have а 


small program in the preliminary stages directed, in part, toward 
the use of heavier 5.56mm projectiles to obtain greater ranges of 
effectiveness. 


The 19 April 1968 revision of the ARSAP includes a task resume 


4 


for evaluation of contender 5.56mm machine guns. Тһе assumption 
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is that the primary mode of employment will be with the rifle 
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28. CofSA letter to Commandant, USMC, 3 January 1968, Stoner 
Weapon Systen Evaluation. 


29, The Army Small arms Program, as revised at the First Small 
Arms Conference, 26 - 29 February 1968, Appendix 35. 
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squad as a supporting weapon to the М16А1 rifle. The 5.56mm 
machine gun is not expected to replace the 7.62mm M60 machine 
gun at conventional machine gun ranges. $1,000,000 is listed 
as required in fiscal year 1969, but no money is programmed until 
fiscal year 1970. 

M73 Machine Gun. The major share ($35,000 out of $60,000) 
of fiscal year 1968 funds allocated in the February 1968 ARSAP to 
machine guns were programmed for a kinematic analysis of the M73 
and M73E1 tank mounted 7.62mm machine guns, including a study of 
breech and cartridge compatibility to determine the causes for 
cartridge case stretch and rupture. Another M73 machine gun 
sub-task is to conduct exploratory development in order to 4е- 
termine whether to initiate an M73 product improvement or a 
replacement program. This task is being conducted significantly 
after the Chief of Staff's 1966 decision to provide a satisfactory 
replacement for the M73 fixed machine gun. The April 1968 re- 
vision of the ARSAP still lists these three objectives: 


1. Conduct kinematic and dynamic analysis of the М73/М73Е1 
machine gun to provide foundation for further product improvement, 


2. Initiate development of a replacement for the М73/М73Е1 
machine gun to provide а simpler more reliable weapon, utilizing 
the current family or product improved 7.62mm ammunition. 


3. Ас an early date, select preferred course of action, 
i.e., redesign of М73/М73Е1 or continuing development of a new 
weapon for early replacement. 


30. ARSAP, Change 1, 1 april 1968, Task У-4-3-а. 
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On 8 March 1967 in CSM 67-96, 
the Chief of Staff directed investigation and test of alternative 
methods for launching 40mm grenades, He specified consideration 
of grenades launched from the muzzle as complementary or as an 
alternative to the then current XM148 grenade launcher attachment 
and the M79 separate weapon launcher. Nearly a year later, the 
Army Small Arms Program has five grenade launcher tasks among its 
short-range objectives. The highest priority is accorded the 
grenade launcher attachment development (GLAD) program, with 
completion scheduled for the fourth quarter of fiscal year 1970. 
Relatea to the GLAD program is the advanced production engineering 
for the disposal barrel cartridge area target ammunition (DBCATA). 
Product improvement of existing systems (the M79) and development 
of a family of 40mm cartridges is a continuous effort. Granted 

a second priority, with no funds scheduled until fiscal vear 1970 
and with a projected completion date of the fourth quarter of 
fiscal year 1971,24/ is the investigation of alternative methods 
for launching grenades. It is noteworthy that the studies 

leading to the selection of the optimum system of grenade Launching 
will not be completed until after the attachment and separate 
weapon alternatives are fully developed. Meanwhile, no attention 
is directed toward the possibility of launching 40mm, or similar, 


grenades from the muzzle of the М1641 rifle. 


31. The same date аз the completion of the DBCATA program, and 
one vear after the CLAD program completion. 
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Army Small Arms Reauirements Study (45485) І,  ASARS I is 

! described as the study to put the entire ARSAP in perspective. 
It responds to the Chief of Staff's direction to identify and fill 
in data gaps where they exist. The objective of ASARS I is to 
determine the importance of small arms in combat relative to support- 
ing weapons i casualty production, and to determine, establish, 
and define effectiveness criteria against which to measure small 
atms. The starting date for АЗАК5 1 is the first quarter of fiscal 
year 1970, because of а fund shortage. If ASARS I is to be as 
fundamental in the Army Small Arms Program as its objective 
indicates, it should be initiated as soon as possible. Ап alterna- 
tive is to review Vietnam data and the numerous USACDC and other 


Army studies already completed, such as the SAWS study, to obtain 


the same information that ASARS I seeks. One should not rely on the : 


yet-to-be-initiated ASARS I as the single effort to put the Army 


rur e 


Small Arms Program in perspective from the user's point of view. : 


Synmary 


The Army Small Arms Program is formally established. The 
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Neo WWE integrated tasks is initiated. Care must be taken to assure that 


І 
Ч | | year ahead will be a crucial period as the execution of the time- 
| the stated task objectives remain flexibly responsive to require- 


ments and technological developments on the one hand, while on 
the other being specific enough to result in engineering and pro- 


duction prototypes at the time of need. 
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The management structure and procedures must be reviewed 
to assure that an integrated small arms development effort 
is maintained. Also, sufficient personnel resources must be made 
available to manage the program, lest it split into disconnected 
sub- programs 22/ 

Certain tasks need to be expedited to meet the need for 
analytical evaluation of weapon alternatives prior to hardware 
development and to be responsive to the Chief of Staff's 


directives in С5М 66-485 and CSM 67-96. 


32. As of May 1968, ACSFOR was identifying additional personnel 
resources to work оп the ARSAP, 


ЕЗ 
я 
= 
= 
EH 


кәдік puse bd 


ATE 


DOES 


RED le 


НИЯ 


Е. Conclusions 

1, Throughout 1964 and 1965 SPIW had the dominant role as 
the successor small arms or close combat € system. 

2. The failure of SPIN to meet its development schedule was 
а significant factor in the decision to initiate an explicit, 
articulated small arms program. 

3. During the period 1962-1966, the SPIW program virtually 
constituted the Army's small arms research and divelopaent program. 

4, USACDCIA developed its study recommendations by placing 
primary reliance on the CARO computer simulation, the assumed 
availability cf SPIW in 1970, the 1965 Army Materiei Plan (AMP) 
assets-requirements balance, and a concept of "selective moderni- 
zation." 

5. Behind the USACDCIA SAWS recommendations was the sub- 
stantive conclusion that the 5.56mm weapons were better for use 
in low intensity warfare (Vietnam), whereas the 7.62mm weapons were 
more effective in high or mid-intensity warfare, (Europe or Korea). 

6. In the SAWS Study only the Combined Arms Research Office 
computer simuletion and the USACDCEC field experimentation attempted 
to define and employ measures of Бектай дна] effectiveness. 

7. The SAWS Study amassed large quantities of data, most of 


which were left unanalyzed or only partially analyzed. 
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8, The SAWS Study did not, in fact, develop the necessary 


analytical background upon vhich to base a program for replacement 
of existing stocks of small arms as the inventory dropped below 
requirements, or for the introduction of weapon families of 
demonstrated superiority over all other families, based upon cost- 
effectiveness considerations in the time-frame up to 1980. 

9, Tue SAWS Study did not provide for an evolutionary program 
for small arms oriented toward improvement of current systems and 
development of new systems against future requirezants, together 
with improved evaluation criteria and methods, and more conplete 
analytical data upon which to base future decisions. 

10. With the promulgation of the Army Small Armus Program (ARSAP) 
in January 1968, the Army has sought to establish a formal, inte- 
grated, and thorough program to direct and coordinate the research, 
development, procurement, and product improvement of small arms 
weapon systems, 

11. The basic philosophy underlying the ARSAP is that weapon 
development must be a continual effort, Тһе effective execution of 
the Army Small Arms Program is therefore dependent on the assumption 
of regular funding support over a significant period of time 
(Appendix 10, pages 10-29 and 10-30). 

12. ОЕ fundamental importance, as evidenced by the interrelated 
history of the SPIW and the М16А1 programs, is the absolute necessity 


to maintain the time-frame flexibility in the Army Small Arms Program, 
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13. Тас ARSAP must not become geared to arbitrary conceptuli- 
zation of target dates (such as the Army in 1975 or 1985) for the 
introcuction of future systems. 

14. The longer range objectives must not be overlooked, even 
though they generally will be less well defined than those nearer 
at hand, 

15. Management represents the principal problem area in the 
Army Small Aras Program 

mitations threaten coherent execution of the 
Army Smal] Arms Progr am. 

17. Studies leading to the selection of the optimum system 
of grenede launchirg will not be completed until after the 
attachzent and separate weapon alternatives are fully developed. 
Mean;hile, no attention is directed toward the possibility of 
launching 40mm, or similar, grenades from the muzzle of the М16АТ 
rifle. Such a course, although not desirable, is reasonable, 
since a valid requirement has becn established in Vietnam for the 
Over-Under concept. 

18, IF ASARS I to be as fundamental in the Army Small Arms 
Program as its objective (to determine the importance of 
in combat relative to supporting weapons in casualty production; 
and to determine, establish, and define effectiveness criteria 
against which to measure small arms) indicates, it should be 


initiated immediately (not in fiscal year 1970). 
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19, Та year ahead will be а crucial period for the ARSAP as 
the execution of the time-integrated tasks is initiated. 

20. Тһе ARSAP management structure, funding, and procedures 
must be reviewed to assure that an integrated and balanced small 
arms developaent effort is maintained. 

21, Certain ARSAP tasks need to be expedited to meet the need 
for analytical evaluation of weapon alternatives prior to hardware 


development and to be responsive to the Chief of Staff's directives 


in CSM's 66-485 and 67-96, 
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The Special Purpose Individual Weapon 
Program 


I. Introduction 

The Special Purpose Individual Weapon (SPIN) has held a 
dominant position in the Army small arms and rifle programs since 
March 1962, when the Chief of Ordnance initiated a project for its 
development. The dominance of the flechette-firing SPIW was such 
that in July 1966, when the SPIW type classification was being 
delayed by developmental problems and the ammunition production 
and cost feasibility had not been demonstrated, the USACDCIA 
recommended no further rifle procurement until the SPIW should 
become available in 1970, 227 Further, the Army Materiel Plan 
(АМР)5®/ imp!ied that the SPIW had been selected as the successor 
system to the M14, at a time when no comparative effectiveness 
evaluation had been conducted with hardware copies of the proposed 
SPIW. Because of the significance of the SPIW developmental program, 
both because of its impact on the Army's thinking vis-a-vis the 
small arms program and because of the interest in the combined 
point-area fire capability, this separate review and discussion of 


SPIW is presented as an inclosure to the discussion of the Army 


Small Arms Program. 


33. USACDC SAWS Study, August 1966. 


34. DCSLOG, Army Material Plan, September 1966. 
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Il. History of SPIN 
: Origin of the SPIN and Flechette Concept. Since World War II, 


the Ármy has had for one of its objectives the development of a 


4 


И 


small arms weapon system that would increase the combat effective- : 


OT 


ness of the infantryman and at the same time reduce both the number 
of types and the weight of small arms weapons and ammunition. 
During the 1950's extensive studies of wound ballistics and 


ammunition effectiveness were made, and research оп small-caliber, 


high-velocity rifles, liquid propellants, flechette ammunition, 
multiple-bullet ammunition, and antipersonnel hand-held weapons 


was carried out. Much of this work was sponsored by the Office, 


— — раб 1 эз, у 


Chief of Ordnance (OCO), and carried out by such agencies as the 


Operations Research Office (ORO), the Ballistic Research 


ИИН 


Laboratories (BRL), and the Chemical Research and Development 
Laboratories (CRDL). 

In one of its studies, A ORO stated that the hit probability 
of individual rifle fire on human targets was low, estimating 
that the Army had issued 10,000 rounds, or 660 pounds, of infantry 
ammunition for each hit realized in World War II, The study 


found that the most important cause of such inaccurate shooting 


О 


E was that, during combat, the soldier's idea was to shoot first, 


i without taking time to aim accurately, and, since the weapon was 


4 


i, 


35. USAMC, October 1964, Technical Information Report 27.1.1.1, 
Development of Special Purpose Individual Weapon (SPIN) System, 
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not aimed accurately, it was only by chance that a projectile 
hit a target. To compensate for the aiming errors common to 
various modes of fire, ORO suggested the use of controlled disper- 
sion. The study also found that the infantry fought most of the 
time at ranges of less than 300 meters, and that the opportunity 
for aimed fire against visible enemy personnel was extremely 
Li L ted. It stated that a rifle smaller than caliber .30, with a 
projectile of correspondingly increased velocity, offered possibili- 
ties for obtaining: (1) greater wounding power; (2) improved 
ballistic characteristics; (3) reduced single-shot and cumulative 
recoil effects; (4) a lighter and shorter cartridge; and (5) some 
reduction in the weight of the weapon. 

In November 1952, to carry out and evaluate ORO's conclusions, 
OCO initiated Project Salvo, which was an organized and concerted 
effort by a number of Army agencies to improve the combat effective- 
ness of the man-rifle combination. As defined by ORO Salvo signified 
the "instantaneous" or successive projection or discharge of 
several missiles by a single trigger pull. This rapid delivery of 
multiple missiles, such as pellets, darts, or bullets, was to be 
accomplished by а shoulder-fired weapon with a moderate-to-high 
rate of fire, and discharge was to be achieved by a single aim and 
a single trigger pull. Project Salvo, therefore, proposed the 


36, USC, October 1964, Technical Information Report 27.1.1.1, 
Development of Special Purpose Individual Weapon (SPIW) System. 
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rapid projection of several shots іп а dispersion pattern adjusted 
to obtain optimum hit and optimum incapacitation probabilities 
under battlefield conditions. 

Prototype weapons and ammunition were fabricated and tested to 
determine their technical and military feasibility, with emphasis 
on the study of controlled dispersion and how it might improve hit 
probability for the ordinary rifleman in combat. The first major 
field test of the Salvo Project was conducted at Fort Benning, 
Georgia, in June and July 1956, 227 

Previously, effectiveness studies made by pRL38/ had indicated 
that, in automatic fire, the number of hits per trigger pull for 
a flechette-firing weapon would be from 10 percent to 270 percent 
higher than for the M14 rifle, at ranges between 50 and 300 meters 
and in bursts of from 3 to 5 rounds. In semiautomatic fire, the 
flechette-firing weapon would produce about three times as many 
casualties as the M14 rifle. Although the incapacitating 
probabilities per trigger pull were about the same for the two 
weapons, the flechette-firing weapon would produce 20 percent 
more casualties in the same period of time. The hit probability 


per trigger pull for the flechette-firing weapog in semiautomatic 


37. Operations Research Office, ORO-T-378, June 1959, SALVO I 
Rifle Field Experiment, and ORO-I-397, May 1961 SALVO II Rifle 
Field Experiment. 


38. BRL Technical Note 1482, December 1962, Comparative Effectiveness 


Evaluation of M14 and Other Rifle Concepts. 
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fire at ranges of from 100 to 300 meters would be between 12 
percent and 18 percent higher than for the M14; in automatic 

fire, the flechette-firing weapon would be about twice as effective 
as the M14, On the basis of effectiveness per round of ammunition 
fired, therefore, the flechette-firing weapon would be about seven 
times as effective as the №14. 

Increasing evidence of the effectiveness of flechette 
ammunition came from a study of the wound ballistics of high- 
velocity flechettes by CRDL. Іс reported in October 196127 
that, in terms of wounding power, the short 10-grain flechette 
was highly effective. 

Initiatio ће ӨРІМ Program. The Am s experience 
with the weapons and ammunition developed in Project Salvo during 
the 1950's and analyses of the research, studies, and investiga- 
tions carried out during the same period -- particularly those 


indicating the increased hit probability, wounding capability, 


and lethality of flechette-type ammunition — led the Ordnance 


39. CRDL Report 3091, October 1961, Wound Ballistics of High- 
Velocity Flechettes for Hand-Held Weapons. 
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Corps to the conclusion that а single weapon, capable of selective- 


ly firing small-caliber, high-velocity, point-target ammunition 
ог area-target ammunition not only would greatly increase the 
effective firepower of the individual soldier but also would 
reduce significantly the number of different weapons to be 
supported logistically, As a result, in March 1962 the Office, 
Chief of Ordnance initiated a project for the development of 

such a weapon, to be called the special purpose individual weapon 
(өрім) ,29/ A requirement for such a weapon was stated in the 
Combat Development Objectives Guide prepared by USACDC: 


To be lightweight, hand~held, small arms weapon 
that will fire both area- and point-target ammuni- 
tion to ranges up to 400 meters, SPIW is to combine 
the more desirable features of a high-velocity, 
small-caliber rifle and the M79 40mm grenade launcher. 
Its weight, loaded with 60 rounds of point-target 
and 3 rounds of area-target ammunition, is not 
to exceed that of an M14 rifle loaded with 20 
rounds of 7.62mm ammunition. It is to be no 
more than 40 inches long, but it is not to be so 
short as to preclude three-point support when the 
user fires from the prone position, and the 
sight is to be such that, if the target can be 
seen at night with the unaided eye, the weapon 
can be aimed at the target. The sight for the 
rifle is to require but one setting for ranges 
from zero to 400 meters, and the sight for the 
launcher is to have range graduations in 25- 
meter increnents from 50 to 400 meters. А soldier 
wearing conplete arctic equipment is to be able to 
use the weapon. 


40. Ltr, OCO to Ordnance Technical Committee, 31 January 1962, 
SPIN -- Initiation of Project and Recording of Approved Military 
Characteristics. 


LAXE MIA „ 


— з 


arg mu 4 


ED M О 
de T 


Ehe cei 


> 


т m" i 
€———— ———————— 


—— 2 — 


The rifle (for point-target firing) is to 
be capable of selective automatic, semiautomatic, 
and controlled-burst fire; when it is fired 
automatically in controlled bursts from the prone 
position with the weapon mounted on a bipod, 80 
percent of the rounds fired to a range of 300 
meters are to strike within an area 3.5 feet high 
and 5 feet wide. The projectile assembly is to 
have а 10-ргајп flechette capable of inflicting 
a fatal wound at 400 meters to personnel wearing 
standard body armor and helmets. The maximum 
ordinate of the projectile is to be no more than 
10 inches at ranges up to 400 meters, Smoke and 
flash are to be reduced to a minimum, but smoke 
reduction is more important than flash reduction. 
À flash suppressor may be used if necessary. 


The launcher (for area-target firing) is to 
fire high-explosive grenade cartridges and is to 
be semiautomatic in action. It is to be provided 
with the integral safety features necessary to 
prevent accidental firing and dangerous malfunctions. 
The minimum arming distance for the fuze of the 
grenade is to be sufficiently far from the user 
to preclude any danger to him, and the fragmenting 
grenade is to be lethal out of 4 meters from the 
point of burst; beyond 20 meters, the number of 
incapacitating fragments is to decrease to nearly 
zero. Although at first the standard 40mm grenade 
is to be used, it is hoped that one of smaller 
caliber but equal lethality can be developed. / 


Prototvpe Production. In October 1962 manufacturers were 
informed of the OCO decision to develop SPIW and were provided 
with the information necessary for preparing designs and cost 
estimates.S2/ А briefing was held for representatives of all 


interested companies, and the proposals submitted were studied 


41. Combat Development Objectives Guide Paragraph 237a(5). 
The SPIW requirements are compared with those for the М16А1 
Rifle in Table 10-1. 


42. Project Manager-Rifles, July 1966, Special Purpose Individual 
Weapon Newsletter Number 5. 


10-56 


— — ЧЇ peu, Ву үй. 


uda ms 


> 


1 


БҰҒАТ 
— ЛІ. 


' "m 
| Е ee 
اسک مہ م ھاس س س مھ جمس ی یں اسم‎ — 


м 
— ane e 
D Ç 
11 , 
. 


Characteristic 


Weight 


Rifle only with 
60 rounds 


Length 


Mode of fire 


Lethality 


Penetration 


Semiautomatic 
Accuracy 


l/gased on BRL Technical Note 1542, 


CONFIDENTIAL 


Table 10-1 — COMPARISON OF THE SPIW AND THE М16А1 
WITH THE SMALL ARMS REQUIREMENTS 
(As Expressed for the SPIW in 1963) 


1963 
Technical 
Requirement 


Not more than 10 155 loaded 


with 60 rds of point fire ammo, Springfield - 


3 rds area fire ammo 


Not more than 40 in. 
Fire semiautomatic, full 


automatic, and controlled- 
burst automatic 


For a controlled burst 
at 100m, PL = 0.5 


at 300m, Р, = 0.1 


Single round Рук 
(30 sec def criteria) at 


400m to be not less than 0.7 


At 400m penetrate standard 


body armor and steel helmets 


1.0 mil standard 
deviation 


Effectiveness Evaluation of SPIW, 


2/ Based on BRL Technical Note 1482, 


Evaluation of ML4 and Other Rifle Concepts. 


August 1964, Summary of Test Data and 


December 1962, Comparative Effectiveness 


1966 1966 
SPIN XML6EL 
AAI - 14.6 lbs 13.7 lbs 
with XM148 
15.5 155 attachment 
AAI - 9.7 165 8.87 lbs 
Springfield - 
10.3 155 
40 in 39 in 


Has controlled 
burst capa- 
bility, but 
not procurred 
with it. 


As specified 


0.82 (3rd burse)2/ 0.76 (2 rds) 


/ 22 (2 rds)a/ 
(3rd burst)? 
7 627 


as specified as specified 


.80 milsa/ .17 mils@/ 
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А and evaluated during December 1962, Contract negotiations were 


: begun the following month. In February 1963 the following 


organizations were each commissioned to submit ten models in 


February 1964 for comparative testing: (1) Aircraft Armaments 


Inc., (ААГ); (2) Harrington and Richardson, Inc; (3) Springfield 


Amory; and (4) Olin Mathieson Chemical Company, Winchester 


Western Division. 


Contracts were awarded to the three corporations and a work 


order was issued to the armory because of the potential effective- 


ness, producibility, maintainability, and general design feasibility 


of the weapons they had proposed. Each company and the armory 


had a different design approach. The Harrington and Richardson 


weapon was based on the principle of the simultaneous launching 


of three projectiles, which was one of the ideas that came out 


of the Salvo project. Olin Mathieson's entry used the soft recoil 


principle, in which successive projectiles were lau-ched before 


the barrel and the barrel extension completed thei- full travel 


to the buffer; it was believed that this system would tend to ‘ 


reduce the effects of recoil on accuracy. Springfield Armory's 


— 


weapon used conventional cartridges and a conventional gun 


mechanism that operated at a cyclic rate lower than that of the 


model submitted by AAI. The AAI model had a high-cyclic-rate 
mechanism designed to reduce dispersion of a controlled burst; 


in addition, it was designed to use a new type of ammunition, 
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а piston-primed cartriage. This cartridge contained а piston 
that was rigidly positioned to prevent any forward movement 
unless the piston was struck by a firing pin. When the piston 
was struck by a firing pin, igniting the primer mix and the 
propelling charge of the cartridge, pressure developed by the 
burning propellant forced the piston rearward in the cartridge. 
As it moved rearward, the piston was in contact with the firing 
pin and forced it to the rear also. The movement of the 
piston was checked by the cartridge case, but the firing pin 
continued on, driving the bolt rearward to unlock and open it. 
This action сіздердей the need fer gas mechanisms like those 
of the Ml, M14, and other com sonal gas-operated rifles. 

The 1964 Re-Orientation. In November 1964 in а briefing 
to the Commanding General, U.S. Army Materiel Command, the Army 
Weapons Command reported on the then current current status of 
the SPIW program and on five possible approaches to continusd 
development leading to type classification of SPIV, In this 
briefing. eight problems were discussed: 

1. ree-S Seniautomatic Grenade Launcher. No 
satisfactorily functioning prototype was available, and it was 
doubtful that such a launcher could be developed without exceeding 
the then maximum weight requirement for the SPIW system. The 


considerable tulk of any three-shot launcher also presented difficulties. 


o be of no greater weight than the “14 or 
ammunition. 
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2. Sabot Hazard. Limited tests of the ammunition 
indicated that sabot fragments were slightly hazardous as far as 
20 feet from the muzzle. The technical characteristics required 


that the fragments be nonhazardous beyond 15 feet from the muzzle. 


(b 


3. 2110 Туре Cartridge. This piston-primer cartridg 


was suffering from a number of deficiencies: high cost, low 
level of performance reliability, questionable safety, long-term 
storage failures, and interior ballistics problems, 

4. Sabot Manufacturine Costs. The sabot is the most 
expensive and difficult to manufacture of all the components of 
the point-target ammunition. 


5. Noise. АМ of the SPIN weapons (and the M16 with 
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muzzle brake compensator) produced peak sound pressures far 


in excess of 159 decibels. Sound pressures were high enough to 
produce permanent damage to the hearing of as many as 20 percent 
of the personnel equipped with these weapons. 

6. Flash. Only one (the Springfield Armory version) 
of the SPIW weapons exhibited acceptable flash suppression. 

7. Stripper. The maximum demonstrated life of the device 
to strip the sabot from the projectile was reposted as 2,000 


rounds. 
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8. Tracer. The stated user requirements were те- 


ported to be beyond the then present state-of-the-art within the 
design parameters of the current flechette. 

USANECOM presented five possible approaches to continued 
development leading to SPIW type classification. All of these 
approaches revolved around the AAI and Springfield SPIW prototypes. 
The Olin Mathieson model had technical problems of such magnitude 
as to eliminate it as а contender. The Harrington and Richardson 
model had been eliminated in earlier developmental stages. 

The program being followed in November 1964 was presented as 
a l4á-month accelerated development effort, with type classifica- 
tion scheduled for the end of the third quarter of fiscal year 
1966 (March 1965). However, it was described as an "extremely 
high risk alternative" and the "plan least likely to result in an 


p 
: ..2 2 2 - 2 2 з 
entirely satisfactory weapon at the time of type classification, —=2/ 


44, The WECOM proposed revisions to the USACDC tracer requirements 
were: change the final visibility of trace at night from a minimum 
of 850 to a minimum of 500 meters; change the final visibility of 
trace in daylight from а minimum of 850 to a minimum of 300 meters; 
and change the lethality requirement from "comparable with ball 
projectiles at all ranges" to comparability at ranges out to 500 
meters. 


45. November 1964 USAWECOM briefing to Commanding General, USAMC, 
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Following this approach would necessitate continuing the develop- 
ment of only the AAI version, as there would be insufficient 
to exploit the advantages of the Springfield design. 
Other alternative courses of action called for 20-, 26-, 
and 50-month development efforts with суре classification 
der these alternatives scheduled for the first quarter of fiscal 
^ 1657, the third quarter of fiscal year 1967, the second 
quarter of fiscal year 1968, and the third quarter of fiscal year 
1969, respectively. 
USAWECOM recommended the 35-month development effort as a 
course of action which would assure satisfactory completion of 
the enginesring and service tests, provide for type classifica- 
tion a system with the highest reliability and fewer nanufacturing 
Start-up problens; heve no unsolved technical problems with the 
piston-primer type cartridge, and provide a tracer cartridge at 
the time of the engineering and service tests that would meet the 
USAWECOM-proposed relaxed characteristics. 
The USAWECOM recommendation was accepted, and thus late in 
1964 the SPIW program was reoriented toward continued development 
of two prototype versions of the SPIW and solution of the identified 


problem areas. On 18 August 1964 ACSFOR had informed the Secretary 


46. November 1964 USAWECOM briefing to Commanding General, USANC. 
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of the Army that the selected SPIW veapon would be type classified 
in December 1965, 2/ Further on 12 august the Commanding General, 
USAMC, had informed the Chief of Research and Development (CRD) 
that the 5РЇХ суре classification date would probably be January 
1967.28/ Yet three months later in November, USAWECOM recommended, 


and the Comnandin 


end of the second quarter of fiscal year 1968 (December 1967). 
Nor was this to be the last USANECOM slippage in the SPIW schedule 
before the virtual termination of the developmental effort in 
1956-67. ' 

Approval of the 35-zonth development program for the SPIW 
was granted by Department of the Army (DA) on 9 February 1965.20/ 
Work on this program commenced 1 March 1965 with further develop- 


ment of both the Aircraft Armament Inc., and the Springfield 
5 р 


Armory concepts. 


47. Army Rifle Program Briefing for the Secretary of „Не Army, 
18 august 1964 (see pages 10-6 and 10-7). 


48. CRD summary Sheet, 21 August 1964, Cancellation of NATO 5РЇЧ 
Denonstration. % 


49. USANECOM brief in 
the status of SPIN, 


for CG, USAC, Noveaber 1964, Briefing оа 


50. Project Manager-Rifles, July 1966, Special Purpose Individual 
Weapon Newsletter Number 5. 
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' The 1966 Reorientetion. The 35-month SPIW development program, 
initiated in March 1965, had a type classification target date of 

February 1968. (The slippage from December 1967 was due to delay 
1 | in DA approval and initiation of revised milestone schedule, A/ 


Essentially this program was divided into two phases of research 


DUI 


and development effort, In Phase I, the two developecs, ААТ 

and Springfield, working in direct competition, were to spend 14 
| months in the development and fabrication of 10 complete weapon 

| systems each, In Phase II a comparative evaluation would be made 
| of the twc competing designs and a selection of the single, most 
| promising system for further development, Тһе delivery of 10 

Г weapon systems from each developer for competitive testing had 
been exter јад for 90 days as reported in the July 1966 SPIW 

veus letter. Accordingly, the type classification date had 


slipped to May 1968, By August 1966, the type classification objec- 
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tive had become June 1968, 22/ 49 
E 
E 
EC EE" 51. Project Manager-Rifles, July 1966, Special Purpose Individual E 
EI 4 Weapon Newsletter Number 5, E 
52, Project Manager-Rifles, July 1966, Special Purpose Individual 
Weapon Newsletter Number 5. 


53. Minutes of (informal) Project Manager-Rifles meeting with 
CG, USATECOM, 23 Aug 66. 
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In a briefing for the Commanding General, USATECOM, on 
23 August 1966, the Project Manager-Rifles discussed the status 
of the SPIW development program. In general the developmental 
effort was still encountering many of the problems and delays 
that two years earlier had necessitated total revision of the 
milestone schedule, In particular, the engineering design tests 
were just beginning, and until operational data were accumulated, it 
would be impossible to tell how closely the QMR's for weapon 
and armunition could be met. The development activity up to that 
time . ^icated that the weight would be closer to 11 than 10 
pounds ^ and that the (unchanged USACDC) tracer requirements would 
not be met, The essential problem areas of the development program 
were: 

1. А potentially serious cook off vulnerability 
problem with the AAI version because of the unsupported primer- 
piston. 
2. Heat buildup at the muzzle end of the barrel which 

had not been expected by the designer. This might be resolved 
by special steels. Some limitation on barrel life and cyclic 
rate not originally predicted might exist, but ЕН 5 could not be 
related to requírements. In any event, considerable redesign 


would be required. 


54. The SPIW system weights as of 30 July 1966 were: ААТ 
version with grenade launcher, 12.9 155., 7.9 Lbs. without 
launcher; Springfield version with grenade launcher, 13.6 lbs., 
8.4 155. without launcher. 
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3. Unresolved waterproofing of the cartridge. This 
could be a problem operationally due to rain, or condensation. 
Long-term storage could be accommodated by packaging. 

4. The extremely unlikely desire to achieve durability 
of parts to a 10,000-round life. The likelihood of firing 
3,000 rounds without a weapon-ascribed malfunction was reported 


as optimistic. 


5, Propellant for both cartridges, but especially for 
the AAI cartridge. Solution of this problem would probably require 
selectivity and quality control not normally exercised with 
military propellants. 

6. Limited tracer performance, both in ignition 
reliability and in visibility. 

7. Grenade launcher adaptation. Utilizing the present 
40mm ammunition, the SPIW grenade launcher was bulky, and the 


weight was undesirably distributed. 


8. Penetration of hard targets. Except for aluminum 
the SPIW flechette did not penetrate hard targets as well as current 
7.62mm bullets. It was not required to penetrate more than vests and 


helmets at 400 meters, which it could do. 
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9. Rough handling and transportation-vibration. This 
might be a problem and would be strongly influenced by the manner 


of packaging the ӨРІМ, including magazines. 


ا 


10. Excessive launcher trigger pull force with the 


i Springfield system (26-36 pounds) and somewhat less with the 


х 
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AAI (15-23 pounds). This was due to incapatible design mating of 
Я the rifle and launcher and was considered resolvable. It presented AE 
however, a serious operational problem for immediate test purposes. f 


In Chief of Staff Memorandum (CSM) 66-485, dated 7 November 


1966, the Chief of Staff directed the Army Staff to reorient the 
development of the SPIW to the status of exploratory development. 


: The SPIW was tc become part of а broadened small arms research 


— —— —ñ—— 


| and development program for the future, for which further guidance 
i was issued in CSM 67-96, dated March 1967. The latter memorandum 
| established continued SPIW development as part of the Army Small 
Arms Program. 


The Chief of Staff decision on the SPIW was the result, in 
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part, of reports of the problems being encountered in the SPIW 
development and of the diminished urgency for an M14 successor, 
since procurement of the М16А1 had been recommended? There was 
also a need to reopen the small arms program and research 
and development activity rather than continue to focus principally, 
. . or solely, on one particular design concept -- the SPIW. The 
effect of the Chief of Staff's decision was to terminate the 
dependence of rifle program planning up on the availability of . 


а SPIW, to eliminate SPIW from consideration аз а nearly guaranteed 


55. ЕРАО Review and Analysis of the SAWS Study, 18 October 1966, 
and СоЕЗА guidance, 
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and immediate successor of both the M14 and the М16А1 rifles, 


and to assure that SPIW development would proceed in an orderly 
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fashion, with the objective of producing a substantially 


improved final product. 
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III. Current Status of the SEIN Program 

When the Chief of Staff directed reorientation of the SPIW 
effort to exploratory development in November 1966, SPIW was 
undergoing engineering design tests at Aberdeen Proving Ground and 
Fort Benning. The Project Manager-Rifles on 16 November 1966 
terminated further testing and directed submission of a final 
report to cover all subtests either partially or fully completed. 
The available data from these engineer design tests and the previous 
SPIW даурен гаг activities, which represented the expenditure 


of about $19 million, were assembled and reviewed by Project Manager- 
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Rilfes. Since its reorientation tothe status of exploratory development in 


H 
} 
3 
| 
Ё 
|: 
| 
із 
Ё 
! = 
| E 
E 
E 
| 
| 


-5 


November 1966 SPIW development has been considered within the context of 


the broadened and expanded small arms research and development 


effort. SPIW has become an integral part of the Army Small Arms 


Program (ARSAP). In March 1968 it is more accurately considered 


to be in the engineering development phase of the research and 


development cycle, because SPIW activities are funded by RDTE 6.31, 


rather than 6.21 funds. 26/ 


56. Army Small Arms Program, 1 April 1968. 
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SPIW field experimentation is one of the short-range tasks 
in the Army Small Arw. Program. The two-fold objective is to 
determine whether the 1411 automatic mode (as contrasted with 
the 3-round control le burst mode) of fire should be maintained 
as an essential requi: ment in SPIW specifications, and to 
determine by analysis „f data collected in field experiments 
under tactical conditions whether a SPIW-equipped basic infantry 
element has significantly increased fire effectiveness over a 
like-size element equipped with another candidate mix of weapons, 
based upon the Phase | result; of the Infaprre P+" Unit Study - 
1975 (IRUS 75). 

Two tasks among th: mid-range objectives of the Army Small 
Arms Program continue the development of the flechette-firing 
SPIW weapon. The gencíial objective of the first task is to investi- 
gate а weapon and ammunition system capable of firing a low impulse 
high velocity, small «liber single or multiple projectile cartridge 
with increased effectiveness; to conduct exploratory investigations 
and experiments to identify effective parameters and establish 
relationships between them, and to fabricate hardware for tests 
of four competitive Coucepts. More specifically, SPIW efforts, 


cited in the January 1466 ARSAP and at the first Army Small Arms 


Conference at Fort Вепи(пр, Georgia in February 1968, include: 
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1. work to determine barrel erosion problems, 
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2. work to define design parameters of the projectile 
assembly and to measure ballistic dispersion. Case design is 
limited to the 7.62mm configuration, in order to conserve finan- 
cial resources. 

3. staffing of Small Development Request (SDR) for a 
weapon mount program. 

4. continued development of a sabot. 

Preliminary sabot activity was accomplished under contract 
with Honeywell, Inc. and with ЕМС Corporation. FMC could not develop 
a к меніде process to produce а sabot importing the required 
velocity to the projectile. Honeywell developed a manufacturing 
process that produced a sabot having the required break-up, providing 
the desired projectile velocity, and, after several process 
modifications, meeting the accuracy and chamber pressure require- 
ments. However, the accuracy and chamber pressure of the modified 
sabot have not been verified by firing at Frankford Arsenal. By 
enlarging the front face, a sabot was obtained that did not require 


a stripper at the end of the gun barrel to remove it from the 


projectile. This greatly improved the entire system. Honeywell 


is designing a manufacturing process for such a sabot 24/ 
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The second mid-range SPIW task in the ARSAP is flechette 
cartridge producibility. The Department of Defense has approved 
57. Army Small Arms Program, as revised at the 26-29 February 1958. 
Smali Arms Conference, 
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U $1.81 million in the fiscal year 1967 budget to establish the 
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producibility of flechette point fire ammunition for the SPIW 


i 


system at a reasonable cost. Prior to February 1968, $777 thousand, 
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from fisca! year 1964 funds, had been spent on advanced production 
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engineering of the components of SPIW point fire ammunition. 
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Significantly, SPIW does not represent the only advanced 


development effort for individual weapons in the Army 3mall Arms 


Program. Investigation of serially-fired, spin-stabilized projectiles E 
and of multiple-projectile, fin-stabilized (flechette) orojactiles 
are rifle tasks accorded the same priority as the SPIW activity. 
The principal efforts for the serially-fired, spin stabilized 
tifle system are to define an optimum caliber to include selection 
of bullet weight, remaining velocity as a function of range, and 


number of rounds per burst in automatic fire and to determine the 


production feasibility of а lethal small caliber ball projectile, 


229 


capable of being fired at a high velocity from а high cyclic rate 


“ 


weapon. The principal effort on the multiple-flechette projectile 
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system is to conduct feasibility and concept design studies. 
IV. Ааа1у515 
Discussion of the history of the SPIW program up to 
November 1966 is a pertinent part of any consideration of the 
Army Small Arms Program, or even of the M16 rifle program. The 


Significance of SPIN is essentially twofold. 
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The acronym, SPIW, has come to stand for а particular weapon- 
ammunition configuration, but one that incorporates a significant 
number of design advances. The SPIW concept might be considered 
the greatest advance in rifle weaponry since the end of muzzle- 
loaders -- this because of the fin-stabilized flechette projectile, 
the high-cyclic rate, controlled-dispersion burst pattern, and the 
combined point and area fire capability for the individual infantryman. 
True, these features of the system have yet to be demonstrated 
operationally. But progress has been made in the direction of the 
solution of technical problems, and the progress continu.s. Thus, 
in a sense, the SPIW program (1962-66) constituted the Army's small 
arms research and development program. The interesting and unique 
design rifle and ammunition concepts considered within the state- 
of-the-art, or nearly so, were incorporated in the various SPIW 
prototype designs, and development was carried on in the context 
of the SPIW progrem. 


Other competitor programs received significantly less 


attention in the Army laboratories and in the procurement programs. 28/ 


The 5РЇМ had evolved from the theoretical analyses of the 1950's 
e 

as the weapon-ammu:..ztion concept providing the most appreciable 

effectiveness benefits. Official optimism kept cost statements 


sufficiently low and technical advances sufficiently frequent 


esents a comparative chronology of the SPIW and 


points out the special emphasis accorded the 
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to make the SPIW appear competitive with all proposed candidate 


systems. Successive schedule revisions punctured this balloon, 


but not until after other programs had suffered the effects of 


neglect. The M16 was introduced as a limited-procurement item. 
Then because of suddenly increased Southeast Asia requirements, the 
M16 had to be procured beginning in December 1965 for more than а 
third of the active Army. The Х!148 grenade launcher attachment 
received little developmental attention. After one-third the 
grenade launcher Authorized Acquisition Objec:ive (ААО) had been 
provided for in the procurement budget, its major developmental 
test was conducted in Vietnam. The XM148 failed this test, and the 
program was terminated. 

The SPIW program provides an example of a developmental 
system concept that came in practice to be considered as the Amy 
rifle research and development program. The entire Army establish- 
ment geared for the introduction of SPIW, and in so doing, failed 
to anticipate the need for thoroughly developed alternatives. 
There is, and always will be, the risk that the chosen system 
may not enter the procurement and distribution cycle in time to 
meet the need. This happened to the SPIW. Consequently the Army 
is now undertaking a broadened research and development effort as 
part of the Small Arms Program. This program also includes M16 
corrective actions requiring immediate attention, because they 


were not addressed two years ago, or more. 
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APPENDIX 11 


M16 PRODUCT IMPROVEMENT MODIFICATIONS 


A. Introduction 

The following two sections of this appendix summarize 165 
requests by Colt's to the U.S. Army Weapons Command for technical 
action on the М16А1 weapon system ог for waivers on production lots 
of М16А1 rifles on government contracts DA-11-199-AMC- 508 and 
DAAF03-66-C-0018, respectively. Only requests for technical ас-. 
tion (RTA's) and requests for waiver (RFW's) that affect the rifle 
in terms of dimensions, materials, and performance characteristics 
are included. The concluding two sections of the appendix analyze 
modifications made to date and cite modifications that are under 
consideration as future product improvements. 

The data in sections B and C are extracted from the RTA's and 
RFW's submitted by Colt's. The numbers in the left hand column are 
those assigned the RTA or RFW. Blocks of numbers were frequently 
skipped, and i. one instance a number was used twice. The date in 
the second column is the date Colt's signed the RTA or RFW. The 
description of the request is as given on the RTA or PND, except 
that for a few cascs when the description was technical and lengthy, 


Colt's description was abridged. The r..tionale in each instance 
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is as stated by Colt's except that the statement that the proposed 
modification would not affect adversely the function, safety, ser- 
vice life, interchangeability or reliability of the rifle has been 
deleted. The Government approval of Colt's request reflected in 
successive indorsements by Springfield Armory, Weapons Command, 
and Defense Contract Administration Services, where granted, was 
subject to the provision that Colt's absorb any price increases or 
give the Government cost consideration. Information as to Govern- 
ment disposition of Colt's requests of 27 October 1967 to 9 
series of 18 drawings in order to improve dimensional control and 


to depict the part as produced was not available at the time this 


report was prepared. 
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D. Analysis of Request for Technical Action Data 


Colt's initiated production of the М16 and the ХМ16Е1 rifles 
р in March 1964, under contract DA-11-199-AMC- 508, having obtained 
the rights from the Armalite Division of the Fairchild Corporation 47 
In April and Мау 1964 eight RTA's were submitted to allow 
dimensional and material or surface treatment changes, and two 
RFW's to permit acceptance of weapons with cyclic rates of fire up 
to 909 rounds per minute. Cyclic rate apparently was not а major 
area of concern in 1964, as no test evidence substantiated the 
| АК15-М16 Rifle Technical Coordinating Committee's approval of the 
specification change, nor was cyclic rate measured in the engineer 


design test of propellants conducted during this period of time 


! | at Aberdeen Proving Ground. Іп Мау 1964 two RTA's requested 

| | revision of the drawings, аз obtained from Armalite, for 58 parts 
in order to incorpcrate changes in the subject components to pro- 
vide a better product and to eliminate certain malfunctions. 
These requests were followed by two more proposals in June and 

| August 1964 to modify the drawings for 19 components. Again in 

| June 1964 Colt's requested and received a waiver to produce М16'5 
with сусЇс rates up to 900 rounds per minute. 

| Provision was made for Еле use of stainless steel for the 

| 

gas tube and раз tube assembly in November 1964. 


1 
| 29,000 М16 rifles had been procured in fiscal years 1961- 
| | 1963 (See Appendix 5). 


| enn FIAT NIU NY 
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i In January, February, and March 1965, Colt's subcontractor 


for the Ml6 upper receiver forgings was behind his delivery 


Schedule. In order to meet the deliveries scheduled for the U.S. 

Air Force, Colt's requested and received permission to utilize 

XM16El upper receiver forgings (with pha Bolt assist device) in 

| | fabricating M16 upper receivers by milling off the forward assist 

I boss. Most other RTA's in the 1964 and 1965 time period proposed small 

| dimensional changes, alternate materials, or surface finish | 

i modifications. Significant among the latter was a series of 

requests in May 1965 to parco-lubrite instead of electrolize the 

bolt, ejector, extractor, and extractor pin. This was the change 

| from the "shiny" to the "black" bolts, and was reported to improve 

q | wear resistance and 5 “vice life. In June 1965 the bolt carrier 

| у finish was changed from eicctrolized to a chrome-plated interior 

| and a parco-lubrited exterior. Three months later the electrolized 

| bolt carrier key was replaced by one chrome-plated оп the inside 

and parco-lubrited on all remaining surfaces. A further change 

| | in the bolt finish was requested in January 1966 with initiation of 

| | Steel shot peening to increase the fatigue ма. The only pub- 

| lished test report >п the efficacy of the bolt finishes is а 

| } February 1956 Lackland Air Foret Base report. Tne Colt's January 
| 1966 request was rejected until such time as satisfactory firing 


test results with shot-peened bolts substantiated the value of the 


Ie 
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requested improvement. After the Air Force tests, Colt's again 


submitted the RTA to shot-peen bolts on 24 June 1966, and it received 


final approval on 13 September. 


Colt's requested permanent change in the cyclic rate upper 


limit specification from 850 to 900 rounds per minute in September 


1965, if they were to be required to continue to utilize ammunition 


loaded with WC846 ball propellant for rifle acceptance testing. 


Тһе Colt's request was rejected on 15 September 1965. Two months 


elapsed before the Project Manager - Rifles, acting on preliminary 


reports from the Army Small Arms Weapons Systems (SAWS) Study sites 


directed Frankford Arsenal to conduct a comparati.e evaluation of 


typical lots of 5.56mm ammunition loaded with ball and extruded- 


grain propellarts. 


The first of the two major product improvement modifications 


| 

| қ made to the М16 since Colt's began production in March 1964 was to 

x change the action spring guide (buffer) assemblies, replacing the 

| original nested-spring design by a variable impact buffer utilizing 

| sliding weights separated by rubber washers. Modification of the 
buffer had been proposed by Colt's at the 12-13 January 1966 


5 meeting of the М16 Rifle Technical Coordinating Committee. At this 


mecting Frankford Arsenal representatives reported on cheir 


2 
Frankford Arsenal, A Test of Cartridge 5.56mm, Ball, M193 
Lots RA5074 and WCC6089 in Rifles, 5.5баш ХМ16Е1 and АК15, February 


1966 


i 
! 

1 | December 1965 test of the SAWS ammuniticn lots.2/ 
1 
2 
i 
} 
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In this test the increased cyclic rate with WC846 ball propellant 
and the assuciation of high cyclic and malfunction rates were 
confirmed. Colt's data had given similar results. The Committee 
approved Colt's suggestion that new buffer designs be tested. 
These tests were undertaken at Springfield Armory. On 4 March 
1966 Colt's submitted a formal request to change the buffers. The 
request was approved by Springfield Armory оп 17 Мау 1967 and by 
the Project Manager - Rifles on 6 July 1966. On 16 July the 
contracting officer notified Colt's of governmental approval 
subject to a reduction in the contract prices. Rifles utilizing 
the new buffer design were first received in December 1966. 


On 12 April 1967 Colt's proposed chrome plating the chamber 


` to increase corrosion resistance and thereby to reduce the tendency 


of the cartridge and lurning residue to stick in the chamber under 

adverse environmental conditions. Approval was granted on 26 May 

1967 without Army test. On 4 April 1967 the Air Force had reported 

favorably on its test at Lackland Air Force Base on six chrome- 

chambered M16 rifles. Meanwhile, the Army shipped 12 М16А1 rifles 

with chrome-plated chambers to Vietnam for evaluation. When a | 

USAWECOM technical team visited Vietnam in Мау 1967, it could d 
locate only two of these rifles, and no useful information could be | 


obtained аз to the efficacy of the chrome-plated chamber. 


11-30 


FOR OFFIGIAL USE ШҮ 


Їл Мау 1967 the firing pin was changed to provide for hard 
chrome plating in lieu of electrolizing. This modification has 
been the last in a series begun in November 1964, with introduction 
, of stainless steel for the gas tube, to make the weapon system 
less susceptible to solid particles of residue contained in the 


propellant gases. 


| Im October 1967, when the Army was obtaining production rights 
| and engineering drawings for the M16, Colt's submitted 18 RTA's | | 
| : to modify drawings for the stated purpose of improving dimensional 

| | | control and depicting the part as produced. These КТА'5 confirm 

| | the fact that dimensional tolerances on weapons as produced 

1 , can and have deviated from the drawings over a period of time, 


Similarly RTA's which result in dimensional modifications on 


4 
| drawings may or may not result in a significant modification of 


| production parts. 
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E. Pending Product Improvements 


In March 1968 the U.S. Army Weapons Command and Colt's wer: 
considering twelve product improvement modifications, which had 
not yet been formally proposed in an RTA. 

1. Buttstock. Change the filler material and provide space 
for storage of the four-piece cleaning rod and other cleaning 
equipment. 

2. Magazine. Change the configuration to provide for a 
thirty-round capacity. 

3. Magazine. Develop new plastic materials and a now 
follower assembly to permit issue of disposable, pre-loaded maga- 
zines. 

4. Magazine Spring. Make the spring of stainless steel to 
prevent rust and corrosion, thereby iacreasing magazine life and 
reliability. 

5. Upper and Lower Receiver. Shot peen the surfaces to 
provide a more durable finish and to aid in the prevention of 


exfoliation and inter-granular corrosion. 


6. Handguard Slip Ring and Spring. Redesign the slip ring 


Ұқ 


to allow easier removal of the handguard and cadmium coat the spring. 
7. Ejection Port Cover and Pin. Use stainless steel for 


these parts to prevent rusting. 
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8. Barrel. Chrome plate the barrel to improve resistance 


to corrosion and metal fouling deposits, 
9. Extractor Spring. Utilize nested springs to provide for 
longer spring life. 

10. Magazine Cover. Utilize a plastic bag or cap cover to 
protect magazines from adverse environments. (As of 19 April 1968, 
two million magazine covers had been delivered from the contractor, 
693,089 shipped to Vietnam, and another two million were still ‘on 
contract.) 

11. Rear Sight. Provide for a center index "O", 
12. Charging Handle Latch. Ааа Delrin to the charging handle 


latch material to prevent wear of the upper receiver. 
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F. Conclusions 


1. RTA's are submitted by Colt's, most often at Colt's 
initiative, but also in response to Amny requests for modifications 
to the system. 

2. The majority of RTA's have been relatively minor -- calling 
for dimensional and surface or material finish changes. Many of 


these were to correct drawings, making them compatible with the 


| farts being produced. 
| 3. Between Noveuber 1964 and May 1967, a series oí modifi- 


| cations were introduced to make reliable functioning of the М16А1 


system less susceptible to solid particles of residue contained in 


— de 


3 , the propellant gases. 
4. Colt's recognized as early as September 1965 the increased 
Р | cyclic rate effects of WC846 (ball) propellant. 
E 5. There was a delay of five months betwecn final approval 
| of the red2signed buffer and its introduction into production, 
6. RTA's were often not supported by detailed test data. 
4 Even the major modification to chrome plate the chamber was not 
-% : tested by the Army. Tests of the redesigned buffer prior to its 
| Р introduction were limited, despite the eleven-month lapse of time 


between Cclt's proposal to modify the buffer and its being introduced 


! on production rifles. 


